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INTRODUCTION. 


In studies 1 ' 4 on the histologic efTects of intense sound on 
the inner ear, the degree of injury and its extent within the 
cochlea has been described in preparations made in the usual 
manner. The methods of fixation, imbedding in celloidon, 
sectioning and staining, have served to reveal many altera¬ 
tions in hair and supporting cells of the organ of Corti. They 
have left much to be desired in the interpretation of the finer 
changes in the nucleus and cytoplasm of individual cells. In 
view of the newer and improved methods for physiologic 
testing it is important to know whether the organ of Corti 
can lecovei from mild injuries or to what extent its recover}’ 
might take place. 


It has been necessary to study by means of the phase con- 
trast micr oscope freshly isolated pieces of the organ of CorU 
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from control animals before attempting similar observations 
on animals subjected to intense sound. The present results 
are concerned with the normal cells and are similar to the 
studies recently reported by Hilding 5 for the tectorial mem¬ 
brane. A future study will deal with the appearance of 
the injured cells of the organ of Corti with phase contrast 
microscopy. 


MATERIALS AND METHODS. 

Twelve guinea pigs of about 250 to 400 gm. in body weight 
were used in this study. Each animal was anesthetized by 
an intraperitoneal injection of veterinary nembutal and finally 
given a second dose sufficient to kill. A temporal bone was 
then removed and the bulla opened to expose the cochlea. 
Bone adjacent to the cochlea was removed, and the specimen 
was then immersed in warmed physiological saline solution. 
Further dissection and preparation of the slides was carried 
out on a warm table at 37° C. The light source was a Uni¬ 
versal microscope lamp, for which the intensity was adjusted 
and the beam of light focused on the specimen. A binocular 
dissecting microscope was used with a magnification of about 
27 times. 

The bone was removed from the apex and into the first turn 
of the cochlea with a small, sharp hook. Markings of the 
stria vascularis, Reissner’s membrane and the osseous spiral 
lamina were visible as landmarks. Using small scissors, a cut 
was made into the modiolus and another through the stria 
vascularis. The piece was removed to a warm slide and fur¬ 
ther dissected in saline solution under the same magnification. 
A small segment of the organ of Corti was removed from 
the basilar membrane. This usually measured about 1 to 2 
mm. in length. It was then transferred to another slide, a 
drop of saline solution added, and the preparation was then 
covered with a No. 0 eoverglass and ringed with vaseline. 
The slide was then transferred to the stage of a phase con¬ 
trast microscope and observed by means of dark, medium 
objectives. It was at first studied under low power magnifi¬ 
cation in order to find the areas thin enough for study and 



KATSUKl&COVnU.: ORGAN OF CORTI •> 

photography. Higher magnification was used for study of 
single colls and most of the photomicrographs. The pi-para- 
tions showed no signs of deterioration before *>b * 

mi mites. 


FINDINGS. 

Tlw Preparation: As shown in Fig. 1, the preparation un¬ 
der low power magnification (108X) usually consisted of a 
few millimeters of the organ of Corti removed from the basi¬ 
lar membrane. Other preparations consisted of special mounts 
of the tectorial membrane, basilar membrane or preparations 
that included the osseous spiral lamina, organ of Corti, and 
spiral ligament. For most observations the short segments ol 
hair and supporting cells held in place by the reticular mem¬ 
brane were used. In these the thinner areas about the periph¬ 
ery of the preparation were used for the study of single cells. 
In Fig. I the free margin contains external hair cells and sup¬ 
porting cells, and the tops of pillar cells appear as a fairly 
homogenous row separating the external fiom ic ln einn 
hair cells. Attempts to tease or further isolate singlei cells fo 
study proved disastrous for the sensory cel s. ei s 
treatment the reticular membrane with attached pillar cells 
and tops of hair and supporting cells usually remained intact. 
The organ of Corti can readily be lifted from the bnsila 
membrane, but the most resistant and tenacious part of it 
appears to be the reticular membrane. 

Attempts were made to keep the slides in a warm chamber 
during the time of dissection, preparation and obseivat on 
It was found that most preparations were suitable foi sti 
for a period of approximately 30 to 40 minutes, and use of 
the warm chamber during the period of obseiva ion 
seem to lengthen this period materially. Beginning 
gration in these fresh preparations was evidenced by: 
swelling of some cells; 2. a cessation of Brownian movemen 
for most intracellular particles; 3. a rearrangement of cyt 
plasmic constituents and the formation of a semiso 1 * 

This resulted in the formation of networks and a congealed 
appearance of the cytoplasm with U. formation of cytoplasmic 
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coll. A similar zone of homogenous substance through which 
the hairs emerge is found at the uppermost portion of the 
cell. 

Fig. -I offers an opportunity to compare the two types of 
hair cells (1,OOOX). The detail of the upper portions of the 
cells is somewhat obscured by the fibrillar processes of the 
pillar cells in an irregular arrangement. The nucleus of one 
external hair cell is located closer to the center of the cell than 
usual. 

The inverted V-shaped pattern of the hairs as they emerge 
from the external hair cell is shown in Fig. 5 (1,000X). This 
row of cells as seen from the reticular membrane is the one 
closest to the external pillar rods; the more peripheral rows 
of sensory cells are not in focus in this photomicrograph. 
The hairs of the internal hair cell emerge in a short, straight 
line and, like the hairs of the external hair cell, each con¬ 
figuration is made up of several rows of hairs. 

Fig. G is a view of the reticular membrane (2,000X) as 
seen from above. Its components are octagonal. In the center 
of the field is an external hair cell with projecting hairs that 
measure 5 to 8 microns in length. A lateral view (2,OOOX) 
of similar cells is shown in Fig. 7. Their length and number 
for each cell can be well appreciated. The plane of focus in 
this preparation was on the upper end of the hair cells and 
as a result they are not fully shown in the photomicrograph. 
The tectorial membrane was lifted off of the organ of Corti 
during dissection of the specimen so that its relations to the 
hairs was not observed. Since the hairs became more dis¬ 
tinct in older preparations that had been under observation 
for some time, it is possible that any binding substances may 
have dissolved with separation of the individual hairs. 

Supporting Cells: A Deiter's cell (1,OOOX) is shown in 
Fig. 8. It has relatively clear cytoplasm with well defined 
boundaries. It is a pear-shaped cell from which two fibrillar 
processes emerge. One process passes to the reticular mem¬ 
brane, another forms a cup-shaped base for an external hair 
cell. The fibrils originate in the cytoplasm as shown in Fig. 8. 
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In this instance a few granules adhere to them at their points 
of origin. They are usually seen to fan out into three or more 
strands at their origin, which is located below and to one 
side of the nucleus. In Fig. 9 (1,000X) are shown the two 
processes: the one to the left passes upwards to the base of 
an external hair cell, while the somewhat larger one termi¬ 
nates in the reticular membrane. In Fig. 10 (1,000X) the 
ends of fibrils can be seen between the hair cells. They are 
more in evidence to the right in the photomicrograph. 

An external pillar cell (1,OOOX) with its fibrillar support¬ 
ing process is shown in Fig. 11. It lies between two Deiter's 
cells. The nucleus is to be seen in the base of the cell that 
has become detached from the basilar membrane. In contrast 
to the fibrils in the processes of a Deiter’s cell these are more 
numerous, and each fibril is less distinct in outline; they do 
not appear to have the same bristle-like rigidity. The fibrils 
originate in the base of the pillar cells and to one side of 
the nucleus. As they pass into the rod portion of the cells 
they become more compact and finally at the top of the tunnel 
form characteristic terminations that become the apex of the 
tunnel of Corti. 

A photomicrograph of a dark field preparation (108X) of 
tlie osseous spiral lamina, basilar membrane and organ of 
Corti is shown in Fig. 12. The strip containing refractile 
globules or vacuoles represents the location of the cells of 
Hensen. They appear similar in preparations made from all 
turns of the cochlea. Under ordinary illumination they are 
not apparent in the fresh preparation. Fig. 13 is a higher 
power (1,000 X) of individual Hensen’s cells as observed with 
the phase contrast microscope. The highly refractile bodies 
are of varying sizes with smaller ones located usually in the 
tapered base of the cell. The larger ones are usually located 
about the middle or apex of the cell. Their significance and 
natux'e remain obscure. Fat globules have been described as 
occurring in the cells of Hensen in the apical turn. In fixed 
and stained preparations they appear as vacuoles and are 
restricted to the apical areas of the organ of Corti. It seems 
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doubtful that all of these vacuoles seen under the phase con¬ 
trast microscope are fat. Further studies are under way to 
determine their nature by histochemical methods. 

Hensen’s cells are easily removed from the organ of Corti 
as a continuous piece. They do not seem to be anclnwed se¬ 
curely in any way to the reticular membrane and, for that 
reason, one wonders how much, if any, they contribute to 
support of the organ of Corti. 

Basilar Membrane: The fibres of the basilar membrane 
(1,000X) after removal of the organ of Corti are shown in 
Fig. 14. This represents the appearance of the basilar mem¬ 
brane as viewed from above in its extent through the pecti¬ 
nate and arcuate zones. The fibres have a somewhat wavy 
appearance under this magnification, and intervening spaces 
are equal to two or more times the diameter of the individual 
fibres. They are not very different in appearance from the 
fibres found in the tectorial membrane. They are to be con¬ 
trasted with their more fibrous and dense appearance in 
fixed and stained preparations. 

Mesothelial Cells: The mesothelial cells (1,000X) on the 
scala tympanic surface of the basilar membrane are shown 
in Fig. 15. They are spindle-shaped cells that course in a 
direction at right angles to the fibres of the basilar mem¬ 
brane. They form a fairly compact layer and each cell resem¬ 
bles a modified endothelial cell. 

Peripheral Nerve Fibres and Nerve Endings: Nerve fibres 
(5Q0X) are seen in a part of their course through the tunnel 
area in Fig. 16, as the external spiral bundle in relation to 
external hair cells. Fibres to the internal hair cells appear 
to the left in another focal plane, so detail of their course is 
unsatisfactory. A number of nerve endings of external hair 
cells are noticeable. Examination of the base of hair cells 
shown in Figs. 2, 3 and 4 reveals nerve endings usually for 
which the connection to the peripheral nerve has been sev¬ 
ered. Fig. 17 (2,000X) serves further to illustrate the course 
of the nerves and their endings on external hair cells. In 
Fig. 18 (1,000X) two different types of nerve endings are 
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shown in relation to internal hair cells. In one instance (to 
the right) there is a fine bifurcation of fibres, while to the left 
of this is a knob-like ending that appears to be single in this 
instance. Actually these endings are in clusters of two or 
more. They do not end on the base of the cell but pass some¬ 
what higher and onto the side of the cell and end between 
cells. Their probable significance will be discussed later. 

Tectorial Membrane: Usually the tectorial membrane was 
studied in preparations for which pieces of it had been iso¬ 
lated and mounted. A view of the appearance of such a strip 
under low power magnification (108X) is shown in Fig. 19. 
The border to the right was in contact with the limbus, while 
that to the left was in contact with Henson’s cells. At various 
levels of focus and with higher power it was possible to 
visualize certain features, such as the stripe of Henson, the 
fibres that comprise the membrane and the network on its 
surface (see Fig. 20, 1,000X)* In this photomicrograph only 
a small area of the net on its surface and the peripheral bor¬ 
der are shown. The next extended over the peripheral half 
of the membrane, and its strands diminished in size at a point 
over the hair cells. The substance of which the net-like 
strands was comprised appeared to be similar to that seen 
on the border of the membrane overlying Hensen’s cells. 

DISCUSSION. 

In our opinion the results presented justify the use of the 
phase contrast microscope in the study of the organ of Corti. 
It is planned to extend the studies to include other parts of 
the inner ear and in addition to use other methods, such as 
electron microscopy. There is no organ in the body for which 
more observations have been erroneously described as patho¬ 
logic changes than for the internal ear. Engstrom 0 has 
recently emphasized the need for a revision of older observa¬ 
tions on the labyrinth by the use of newer methods. The 
need for detailed information regarding finer cell structure 
is further stressed by the progress now being made in the 
understanding of the physiologic principles of hearing (Davis 
and Tasaki 7 ). 
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In the freshly isolated preparations of the organ of Corti 
there was no tendency for the hair cells to swell or change 
their shapes. The elongated and narrow external hair cell 
showed a tendency to bend in the middle third (portion above 
nucleus), but no distortion of it such as described for certain 
theories of its stimulation was discernible. The rather firm 
anchorage of the upper ends of the internal and external hair 
cells in the reticular membrane and the obviously rigid sup¬ 
port of the phalangeal cells and pillar cells tend to produce 
a unit that is compact and not readily broken up. The an¬ 
chorage of the organ of Corti to the basilar membrane is not 
an impressive feature, because it is readily lifted from the 
latter, as also occurs under experimental conditions, such as 
acoustic trauma. That the hair cells are the most fragile com¬ 
ponents of the organ of Corti and more susceptible than other 
cells to trauma and various agents such as drugs, toxins and 
so forth, is further borne out by attempts to tease and isolate 
single hair cells in fresh preparations. The body of the hair 
cells was usually torn away from the reticular membrane, 
leaving its cuticular border with the hairs intact. The re¬ 
mainder of the cell thus became lost, probably because it 
disintegrated rapidly. The preparations that had remained 
under observation for about one hour began to show progres¬ 
sive stages in deterioration, first in the hair cells and later in 
the supporting cells. No intracellular fibrillar network was 
in evidence in freshly mounted preparations. The hair cells 
appeared quite clear with granules, mitochondria and a 
ground substance of a nonrefractile type. A semisolid phase 
in which the ground substance and granules participated be¬ 
came conspicuous with age and deterioration of the prepara¬ 
tion. It is possible that fibrils may be present but remain 
undetected by phase microscopy. 

Hensen’s cells are regarded as important in their function 
as supporting cells. Several features are presented in these 
observations to throw some doubt upon their value as sup¬ 
porting elements for the organ of Corti. In dissection of the 
organ of Corti they are readily removed in a strip showing 
that they have no firm anchorage to the reticular membrane 
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or basilar membrane. Perhaps a more plausible explanation 
of their position is not primarily that of a protective or sup¬ 
porting: function but instead a physiological role in the main¬ 
tenance of sensory and other supporting cells of the organ 
of Corti. Further work is at present under way to determine 
the nature and fate of the globules and granules revealed in 
these cells by phase contrast microscopy. 

Hiding’s* excellent description of the tectorial membrane 
cannot be improved upon by our observations. The net on 
the surface of the membrane observed by him and also Dc 
Vries* appears to be comprised of a homogenous substance 
and blends into the border of a similar material that is de¬ 
scribed by Hilding as overlying Hensen’s cells. 

The fibres of the tectorial membrane are similar in appear¬ 
ance to those observed by Katsuki, Mizuhira and Yoshino 1 ’ 
using contrast microscopy on the cupula of the lateral line 
organ of fish. They are also similar to the fibres in the basilar 
membrane of the guinea pig with considerable interfibrillar 
substance apparent in each structure. In the process of pre¬ 
paring sections of the cochlea this interfibrillar material 
stains deeply for the basilar membrane and imparts to its 
appearance that of a dense fibrous structure. For the tecto¬ 
rial membrane the shrinkage and lack of staining of the 
interfibrillar material reveals a more delicate structure par¬ 
ticularly subject to artefacts. The difference between the two 
structures is probably not in their fibrillar content so much 
as in their interfibrillar material. 

The course of the peripheral nerve fibres in the organ of 
Corti was observed in many preparations. It was found that 
the nerve endings of the external hair cells are of one type, 
while the internal hair cells revealed two types of endings. 
The unusual ending was a cluster of small knobdike ramifica¬ 
tions of the nerve fibres that did not attach itself to the base 
of the cell but instead was found between internal hair cells. 
The significance of this type of ending is not clear. Kolmer 1 * 
described two types of endings in the maculae and cristae of 
human labyrinths but did not observe both types in the organ 
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of Corti. Katsuki and Yoshino 11 descidbed two types in the 
cells of the lateral line organ of fish in preparations furnished 
them by H. Yamada. Perhaps these knob-like endings between 
the internal hair cells are the termination of the efferent 
fibres described by Fernandez 12 for the bundle of Rasmussen, 
but the explanation of their presence remains a problem for 
further study. 


SUMMARY. 

The organ of Corti as studied under phase contrast micros¬ 
copy has revealed information regarding its finer cell struc¬ 
ture. 

The hair cells are held in place by supporting cells and the 
reticular membrane. They are the most fragile components 
of the organ of Corti. They do not change their shapes readily 
even in preparations that show deterioration. They contain 
relatively clear ground substance of a nonrefractile type ex¬ 
cept for granules. Preparations that were about one hour old 
revealed some deterioration of the cell usually manifested as 
a semisolid phase of the cytoplasm. 

The tectorial and basilar membranes are comprised of fibrils 
with intervening interfibrillar substance that is probably of 
different chemical composition in the two structures. 

The supporting function of the cells of Hensen is ques¬ 
tioned. Further studies are under way to determine the 
nature of the globules and granules that are seen in the cells 
with phase contrast microscopy. 

Peripheral nerve fibres and their endings are described for 
the organ of Corti. Two types of endings were observed for 
the internal hair cells. Their significance is not clear. 
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THE ABSENCE OF RESIDUAL EFFECTS 
ATTRIBUTABLE TO THE OTOLITH ORGANS 

FOLLOWING UNILATERAL LABYRINTHECTOMY 

IN MAN. 
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and 

Jorma I. Niven, Ph.D., 
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Pensacola, Fla. 

When, under proper circumstances, a healthy person is 
subjected to a change in direction of resultant force relative 
to himself, he experiences illusions of a striking nature. Al¬ 
though his position relative to the earth’s axis remains the 
same, he feels as if it were undergoing a change, and objects 
stationary with respect to himself appear to move and to 
assume new positions in space. A remarkable feature of 
these illusions is that they are susceptible to quantitative 
measurement. Such measurements can be made in terms of 
the angle through which the apparent movement takes place, 
the obtained value can be compared not only with another 
experimental datum but also with the actual angle through 
which the resultant force moved. It is obvious that these illu¬ 
sions are the result of stimulation of sensory receptors which 
respond to a change in direction of resultant force and that 
they represent an attempt at reorientation in accord with the 
changing lines of force. The sensory organs which respond 
specifically to this stimulus are the otolith bodies, and it has 
been stated 13 that persons without otolith organs do not ex- 
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perience tliese reorientation phenomena. Insofar as this is 
true, these illusions may be used as indicators of the function¬ 
ing of the otolith organs. 

Although these illusions were described many years ago by 
Purkinje 13 and Mach,® it is only recently that they have been 
the object of intensive study. 3 * 5 *®* 5 ® The apparent movement 
and displacement of objects in the visual field has been termed 
the oculogravic illusion. 5 Under favorable conditions there is 
good correspondence between the rate of apparent movement 
and the magnitude of apparent displacement in space. It be¬ 
haves in an orderly manner and, in the case of sophisticated 
subjects, the test-retest reliability in estimating the magni¬ 
tude of the displacement is good. The oculogravic illusion is 
not due to e 3 , e-movement; it may be related to the ability to 
perceive space. 15 

The apparent change in bodily position consists of a feeling 
of being reoriented in space. The reorientation also applies 
to the various supporting structures such as chair and floor. 
Under favorable experimental conditions, the change occurs 
slowly but is very clearly perceived. 

In the experiments now to be reported, the responses to a 
change in direction of resultant force were compared in two 
groups of subjects under conditions favorable for the estima¬ 
tion of these two illusory effects. The subjects in the patient 
group had previously undergone unilateral Iabyrinthectomy; 
the subjects in the control group were healthy. 

SUBJECTS AND PROCEDURE. 

Ten female subjects participated in the experiment. Five 
were healthy and had never suffered from any disease or 
disorder involving the inner ear. In the remaining five, uni¬ 
lateral Iabyrinthectomy had been performed in the course of 
treatment for Meniere’s syndrome; four right and one left. 
Three of the subjects had no complaints; one still experienced 
rare mild attacks of vertigo and one suffered frequent attacks. 
The clinical findings in these five cases have been described 
elsewhere in detail. 8 
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The experiments were carried out on a human centrifuge 
of the inertia wheel type. 3 The velocity of rotation of the 
centrifuge platform was graphically indicated by means of an 
Esterline Angus Recorder (E-A). A modified airplane gun¬ 
ner’s seat was mounted on the centrifuge platform, 15.86 feet 
away from the center of rotation. The seat could be rotated 
around a vertical axis and secured in any of four positions in 
relation to the center of centrifuge, namely, 1. facing center, 
2 . facing forward (90° to the right of center in the direction 
of rotation of the centrifuge), 3. facing away from the center 
(outboard), and -4* facing backward (90° to the left of center 
and opposite to the direction of rotation). An interphone al¬ 
lowed two-way communication between subject and operator. 

Attached to the seat was a metal frame on which were 
mounted a target light, biting board, and hand grips. The 
target light was a modified collimated star. 2 The visual target 
consisted of two lines of light in the same axis but separated 
by a short distance. The target could be rotated around an 
imaginary point dividing the space by which the lines were 
separated. Clockwise or counter-clockwise rotation was ef¬ 
fected by means of a reversible motor under the control of 
either subject or experimenter. The target was geared to 
a selsyn transmitter which activated a large needle on a 
dial calibrated in degrees and situated in the control room. 
Two pistol-grip hand holds with thumb-operated push-button 
switches were conveniently placed for the subject’s use. De¬ 
pression of the push-button on the right caused the target to 
rotate clockwise and on the left, counter-clockwise. 

ESTIMATION OF APPARENT CHANGE IN POSITION OF A VISUAL 
OBJECT DURING EXPOSURE TO CENTRIPETAL FORCE. 

In these experiments the subject’s task consisted of 
maintaining the lines of collimated light in what appeared 
to be the horizontal position during and for a short time 
after exposure to centripetal force (maximum angle <j> ^ 
30 degrees) for one and one-half minutes. The subject sat 
erect with head held firmly by means of the biting board and 
made the necessary adjustments by means of push-button 
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switches incorporated in the hand grip. The phenomenal 
horizontal was determined both before and after each experi¬ 
mental trial by offsetting the star and requiring the subject, 
who was shielded from all extraneous light, to return it to 
what she considered to be the horizontal position. In each 
instance the average of six offsets, alternately clockwise and 
counter-clockwise, was determined. Each subject participated 
in two trials facing forward with the star appearing to rotate 
clockwise and two trials facing backward with the star ap¬ 
pearing to rotate counter-clockwise. 

In each experimental trial, the readings on the dial were 
recorded every five seconds both during the period of accelera¬ 
tion and for a period of one and one-half minutes thereafter. 
The centripetal force was determined at the same five-second 
intervals and the angle 4> calculated for comparison with the 
angle through which the subject rotated the star. 

The results are summarized in the form of graphs in Fig. I. 
Each graph represents the mean values obtained on two 
trials. The curves have been “normalized” by using as the 
baseline the subject's phenomenal horizon rather than the 
true horizontal position. This procedure was equivalent to a 
translation of the entire curve up or down the ordinate by 
an amount equal to the subject’s error in estimating the hori¬ 
zontal position of the line. A typical “good response” was 
made by the normal subject BW when observing counter¬ 
clockwise rotation. This indicates that she used her original 
position as the refei*ence criterion for the horizontal and that 
she estimated the apparent change accurately. A typical “poor 
response” was made by the normal subject VW when observ¬ 
ing clockwise rotation. It is altogether probable that she used 
her changing apparent position throughout the experimental 
trial as the criterion reference for the horizontal and set the 
target line to conform to it. The remaining responses repre¬ 
sent greater or lesser degrees of compromise between these 
two extremes. That so many poor responses were made by 
the normal subjects is to be explained by their lack of train¬ 
ing and experience in this procedure. 11 Almost equally “poor 
responses” were made by subjects in the control and patient 
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gi-oups. The group differences are small and become insig¬ 
nificant in the light of the great individual variation shown 
in both groups. The evidence is insufficient that the subjects 
with one labyrinth responded differently when the application 
of force was from the right or left side. 





5 k2^ 




APPARENT CHANCE M DIRECTION Of HORIZONTAL LINE COMPARED WITH CHANGE IN DIRECTION OF THE 
RESULTANT FORCE (ANGLE Ol EACH POINT IS THE AVERAGE OF TV/O OBSERVATIONS 

FIGURE I 


A comparison of the initial and final target settings shows 
a better correspondence in the case of the control than in the 
patient group. Two subjects in the patient group are respon¬ 
sible for nearly all of the difference. The significance of this 
finding is in doubt because of the small number of subjects 
tested. 
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ESTIMATION OF APPARENT CHANGE IN BODILY POSITION DURING 
EXPOSURE TO CENTRIPETAL FORCE. 

Threshold Measurements . In this series of experiments the 
subject, with her eyes closed and in the dark, was required to 
signal the moment she first perceived that she was tilted 
away from the vertical and the moment that she returned. 
The velocity of rotation of the centrifuge was slowly increased 
from zero to 7 r.p.m. using a constant throttle setting, after 
which the engine was disengaged, by means of the clutch, 
which caused the velocity of rotation to decrease slowly by 
virtue of the friction in the bearings. The same pattern of 
acceleration and deceleration was maintained insofar as pos¬ 
sible in all experiments. During the first series of experi¬ 
ments the subject sat erect with head held firmly by means 
of the biting board. The subject was requested to close her 
eyes and a closely-fitting goggle with opaque lenses provided 
further protection against external cues. The subject, although 
not always aware of the onset of rotation, soon felt she was 
tilting or leaning away from the vertical. The direction of 
tilt depended upon her position on the centrifuge. The sub¬ 
ject on perceiving the tilt signalled the operator, who recorded 
the velocity at that moment by means of a signal recording 
on the JE-A. During deceleration the subject signalled again 
when she felt that she was upright and in her original posi¬ 
tion. Each person was subjected to five experimental trials 
in all four positions. The initial seat position was randomized 
insofar as possible, and the five experimental trials were 
given as a continuous series. Between trials the subject was 
allowed a two-minute period of relaxation. 

The results are summarized in Fig. II. It is apparent that 
there are no significant differences between the two groups. 
The similarity in the case of the ascending thresholds, which 
are more meaningful than the descending thresholds, is strik¬ 
ing. The values for the subjects in both groups are slightly 
lower than in another experiment where highly sophisticated 
subjects were used. 3 * 6 In the case of the descending thresh¬ 
olds three of the normal subjects had slightly lower values 
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than the rest. The group differences, however, are small and 
unimportant. The maximum values recorded were similar for 
all subjects in all positions. 



MEAN ANGLES ( 0 ) AT WHICH TILT (ASCENDING) AND RETURN 
TO VERTICAL (DESCENDING) WERE FIRST PERCEIVED IN VARIOUS 
SEATING POSITIONS. EACH POINT IS THE AVERAGE OF FIVE 
OBSERVATIONS. 


FIGURE n 

Supratlireshold Determinations. In carrying out these tests 
the procedure was altered in some respects. Two machinist’s 
combination squares were mounted on the framework of the 
seat within easy reach of the subject’s hands. The “square” 
consisted of a one-foot grooved metal rule which could be 
rotated in relation to a protractor head which was scored to 
read in degrees. In all experimental trials the protractor was 
secured at the middle of the rule. One square was placed 
with the rule horizontal and the other with the rule vertical. 
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In both cases the subject was placed so that she could grasp 
the ends of the rule and rotate it about its midpoint. Deter¬ 
mination of the true horizontal and vertical positions was 
carried out by means of a level and plumb bob, respectively. 
Each subject was tested under static conditions and was 
required, with eyes closed, to adjust the bar within a period 
of 15 seconds. After a short period of indoctrination, 10 
adjustments were made with each bar during the static con¬ 
dition. Following this, the subject was suddenly exposed to 
a centripetal force (angle ^ s 30 degrees) for one minute 
and 30 seconds. She was then required within 15 seconds to 
adjust the horizontal bar to what she considered to be the 
horizontal; 10 seconds later, she adjusted the vertical bar to 
what she considered was the vertical. Each subject made 
these adjustments during five consecutive experimental trials 
in each of the four different seat positions. The subject had 
a brief period of relaxation between trials. Seat position 
order was randomized. 

The results ai'e summarized in Table I. A distinction has 
been made between the primary and secondary adjustment in 
each experimental trial. For example, if the direction of 
centripetal force was such that the subject felt as if she were 
tilting backward, the primary adjustment would be made 
with the vertical rod which moved in the same plane as the 
lines of force, and the secondary adjustment would be made 
with the horizontal rod which moved in a plane at right an¬ 
gles to it. 

If the results are evaluated in terms of the accuracy with 
which the subjects indicated the change in direction of result¬ 
ing force, it is obvious that none performed well in all four 
positions. Some made an accurate adjustment in certain seat 
positions but not in others. Under-correction was a more 
frequent response than over-correction, but sometimes no 
connection was made. One subject (PW) did not make any 
primary correction for all four seat positions. This subject 
belonged to the abnormal group and her failure to respond 
deserves special comment because it could be interpreted as 
indicating nonfunction of the remaining otolith organ. The 



AVERAGE ERROR OF SUBJECTIVE ESTIMATES OF THE VERTICAL AND HORIZONTAL PARALLEL WITH 
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chief argument against this conclusion is the fact that she 
made two fairly good adjustments when the visual target 
was used. A further argument is the fact that the consist¬ 
ency of her response was good. The difference in responses 
between the two groups is insignificant. 


DISCUSSION. 

Unilateral labyrinthectomy or its equivalent lias been fre¬ 
quently exploited in attempts to unravel the role of the non- 
acoustic portion of the labyrinth. In analyzing the results of 
such experiments the following first-order variables must be 
kept in mind: 1. two organs of special senses are involved, 
namely, the semicircular canals and the otolith bodies, the 
separate functions of which can be studied best by selective 
stimulation or selective suppression, 2 . the immediate effects 
following operation differ from the residual effects, S . the 
results differ according to the animal species. 

Both in animals and in man the immediate results of uni¬ 
lateral labyrinthectomy are severe. There is good evidence 
that, in certain animals at least, the symptoms arise in part 
on the injured side and in part from unbalanced effects from 
the remaining labyrinth. 

The residual effects of unilateral extirpation vary greatly 
depending upon the animal species. In general, the higher the 
level of phylogenetic development the smaller the residual 
effects. 10 Thus the frog compensates poorly, the pigeon mod¬ 
erately well, and the dog very well. Compensation involves 
different mechanisms, but the cerebral cortex plays the domi¬ 
nant role. 1 

Of particular interest to us here are the residual effects 
which might be ascribed to the otolith organs. In animals 
some of the most characteristic effects following unilateral 
labyrinthectomy are the forced position of the head, trunk, 
eyes, and sometimes other portions of the body. These effects 
decrease gradually following operation and in some animals 
disappear entirely, but in others a permanent residuum is 
left. That these effects are of otolithic origin has been shown 
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beyond doubt . 16 They ai'e considered to be due to the uncom¬ 
pensated reflexes arising in the remaining otolithic organ. 

It is clearly evident that the results of the experiments on 
animals cannot be applied directly to man; although in terms 
of man's position in the phylogenetic series, it would be ex¬ 
pected that compensation following unilateral labyrinthec- 
tomy would be extremely good. Evidence of residual effects 
might be sought under static or dynamic conditions. Else¬ 
where 12 we have reported the results of a static experiment 
wherein the postural mechanisms were placed under stress. 
The same subjects were used as in the present experiment, 
and no differences in response were observed regardless of 
whether the principal stress fell on the operated or normal 
side. 

In dynamic tests the otolith organs may be stimulated by 
tilting the subject’s head in relation to the lines of gravity or 
changing the direction of the lines of force with the subject’s 
head remaining fixed. Gollas 4 studied seven patients by meas¬ 
uring the counter-rotation of the eyes. When the patients 
were inclined toward the side of the nonfunctioning laby¬ 
rinth, the counter-rotation of the eyes was normal, and when 
they were inclined toward the normal labyrinth, the counter¬ 
rotation of the eyes was diminished. From this it was con¬ 
cluded that although the remaining labyrinth acts upon both 
eyes, the effect is unequal. Spiegel and Sommer , 14 utilizing 
Grahe’s table, also carried out experiments on subjects with 
a single functioning labyrinth. Following a tilt toward the 
operated or normal side, subjects were required to estimate 
the vertical position. The results indicated a displacement of 
the phenomenal vertical toward the injured side. Thetford 
and Guedry 17 ’ 18 were unable to confirm these findings in our 
subjects. Utilizing a tilt room, they found no displacement 
of the phenomenal vertical toward the injured side and no 
significant differences in response between normal subjects 
and those with a single labyrinth. 

Dynamic experiments similar to those described in this 
report have been carried out using deaf mutes as subjects . 1 
When exposed to a change in direction of the lines of force, 
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many of them did not give any indication that they reorien¬ 
tated themselves in accord with this change. It was concluded 
that failure to do so was attributable to the absence or non¬ 
functioning of the otolith organs. If this conclusion is ac¬ 
cepted, it furnishes a strong argument that such a procedure 
is adequate to test the function of the otolith organs. Our 
negative results, therefore, are significant and allow the con¬ 
clusion that under the conditions encountered in our experi¬ 
ments, persons with a single otolithic organ respond the same 
as normal persons with a synergic pair. Stated differently, 
the evidence suggests that compensation following the loss of 
the otolith organ on one side is, for practical purposes, 
complete. 


SUMMARY. 

Healthy subjects and subjects who had previously under¬ 
gone unilateral labyrinthectomy for Meniere’s disease were 
exposed to centripetal force on a human centrifuge. The 
change in direction of the lines of force relative to the subject 
produced striking illusions wherein objects in the visual field 
appeared to change their position in space, and the bodily 
position seemed to have changed. A comparison of the re¬ 
sponses made by the subjects in the two groups revealed 
insignificant differences. It was concluded that under the ex¬ 
perimental conditions defined, subjects with a single labyrinth 
respond normally when gravity receptors are stimulated. If 
it is assumed that the otolith bodies are specifically involved, 
it may be further concluded that the residual effects attribut¬ 
able to the unilateral loss of these sensory organs are insig¬ 
nificant or nil. 

We wish to thank Miss Frances Clopton, Clayton S. Ezell, H.M.C., 
U.S.N., and the staff of the Acceleration Unit of the U. S. Naval School 
of Aviation Medicine ‘for technical assistance. We are also grateful to 
Theo. E. Walsh, M.D., St. Louis, Mo., who arranged for the cooperation of 
the subjects in this study. 
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THE USE OF DIHYDROGENATED ERGOT 
ALKALOIDS IN OTOLARYNGOLOGY: 

A PRELIMINARY REPORT.* 

Jack R. Anderson, M.D., and Wallace Rubin, M.D. t 
New Orleans, La. 

A consideration of the pathologic physiology involved in 
certain otolaryngologic disordcis would indicate that block¬ 
age of the sympathetic nerve supply to the area involved 
might be of therapeutic value. Our purpose is to present a 
preliminary lepoit on the usefulness of such a sympathetic 
inhibitor—a combination of dihydiogenated eigot alkaloids 
known as Hydergine(R). The numbei of cases of each type 
we have to report (see Table I) is admittedly small, but as 
far as we know, this is the first report to appear in the Eng¬ 
lish literature on the use of this drug in otolaryngology. We 
hope this factual report will stimulate a more widespread 
evaluation of this medication and of the theiapeutic approach 
used. 


TABLE I — TYPES OF CASES 


Vertigo_ _ .. 37 

HypertensBo epistaxls — — - ~ 11 

Dryness of the mouth_ ~ — — 13 

Glossodynla ~ - ~ 11 

Postnasal discharge — — - 17 

Atrophic rhinitis and nasopliarjngitls— - _ 13 

Miscellaneous - 15 

Total 116 


•From the Department of Otolaryngology, the Tulane University of Louisi¬ 
ana School of Medicine, and the Eye, Ear, Nose and Throat Hospital, Neiv 
Orleans, La, 

Editor's Note This ms received in Laryngoscope Office and accepted for 
publication, Aug 20 1952 
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PHARMACOLOGY. 

Ergotoxine, one of the alkaloids of ergot, has been shown 
to be composed of ergocornine, ergocristine and ergokryptine. 
In the natural state, their vasoconstrictor action overshadows 
their inhibitory effect on the sympathetic nervous system. 
Hydrogenation, however, causes the sympathetic blocking ac¬ 
tion to become predominant, the vasospastic action being 
virtually eliminated. 1 In addition, probably because of the 
relatively purer state of these compounds, toxic reactions 
from their use are almost nil. 

In this clinical study, the preparation used was an equi- 
proportional mixture of the three hydrogenated alkaloids of 
ergotoxine.* For the most part, the medication used was in 
the form of sublingual tablets, although, in some cases, paren¬ 
teral administration and sublingual drops were resorted to. 
Each sublingual tablet contained 0.167 mgm. of each of the 
dihydrogenated alkaloids; each 1 cc. ampoule of the paren¬ 
teral form and sublingual drops contained a like amount. 

Among the pertinent pharmacodynamic actions of the ergo- 
toxine group which have been reported by various investi¬ 
gators are: 

1 . Depression of the central vasomotor centers with resul¬ 
tant vasodilatation and, in some cases, a fall in blood pres¬ 
sure. 2 

2. Peripheral vasodilatation. 3 

3. Central inhibition of pressor-receptor reflexes which 
bring about compensatory vasoconstriction and arterial blood 
pressure rise. 4 

4. Centrally induced bradycardia; this is rather unusual 
among sympathetic blocking agents. 5 

5. Central sedative action; also augmentation of barbitu¬ 
rate action. 0 

6 . An adrenosympathieolytic effect. 7 

♦Provided for this study by the Sandoz Chemical Co. Hereinafter referred 
to as Hydergine for the sake of brevity. 
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Toxic Manifestations: In the course of this study, only 
four persons reported untoward manifestations which were 
attributed to the drug. Three of these suffered with nausea 
which was not severe enough to warrant withdrawal of the 
medication. The fourth experienced weakness, slowing of the 
heart rate, nausea and headache; in this case the drug was 
discontinued. 

VERTIGO. 

Hilger and Goltz* and Williams 0 have very brilliantly de¬ 
scribed what might be called “the vasomotor syndrome of the 
inner ear.” 

Hydergine was administered to 37 patients whose vertigo 
was ascribed to a vasomotor imbalance of the inner ear. Fol¬ 
lowing a thorough history, a complete ear, nose, and throat 
examination, caloric tests, and, in some instances, audiograms 
were done. In 33 instances there was marked to complete 
i*emission of symptoms; four patients reported little or no 
improvement. Williams urges the use of a combination of 
therapeutic agents in such cases; in the vast majority of our 
cases, no medication other than Hydergine was used. 

The following are typical case histories: 

Mrs O H, age 70 This patient gave a histor> of ha\ing frequent 
attacks of postural mtigo for six weeks prior to hei first visit No his 
tory of hearing loss or tinnitus Physical examination of the ears, nose 
and throat was negathe The Eustachian tubes were freely patent bliat 
ernlly Caloric tests mealed hjperactivitj of the left labyrinth The 
patient stated that the vertigo caused b> the caloric test, while similar 
to that spontnneousb experienced, was not quite so seveie She was 
given one sublingual tablet four times a daj At the end of one week, 
she reported 90 pel cent impio\ement During the second week of ther 
ap>, she experienced only two mild attacks, since then, she has been 
asjmptomatlc 

Mrs L K, age 29 This patient experienced a sudden onset of lecur 
lent attacks of postural vertigo and nystagmus At about the time of 
onset of this condition, there was angioneurotic edema of the upper lip 
on the left An audiogram mealed mild depression of the threshold for 
low tones by air conduction Hjdergine sublingual tablets were started, 
and within 48 hours the nystagmus had ceased and there was a marked 
reduction In the amount of veitigo At the end of 96 hours the patient 
was asymptomatic Following a week of therapy, the medication was 
stopped by the patient and she promptly became vertiginous again within 
24 hours The medication w f as resumed and control was again achieved 

F. G, age 53 For two months prior to the first visit this steel con 
struction worker had been experiencing repeated episodes of vertigo of 
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MEURMAN &. MEURMAN STAPES MOBILIZATION 


the mobilization, the n.oie xapidh and frequently does the 
heaimg letuin to the p eopeiatne lei el 

We still considei tin si ipes mobilization opeiation an ac¬ 
ceptable smgical pioceduu woith developing fuithei, and we 
iegulail\ peitoim it fnM when opeiatmg on patients with 
clinical otoscleiosis If no lesult is obtained, w r e then lesort 
to fenestiation 

Haartmanmk 4 


SEVENTH INTERNATIONAL CONGRESS 
OF BRONCHOESOPHAGOLOGY 

The Seventh International Congiess of Bionchoesophagol- 
ogy will be held at Kyoto (Japan) Univeisitv, Septembei 
12-14,1958, undei the direction of Piof Mituhaiu Goto, M D , 
Otoihmolaiyngological Clinic, Kyoto Univeisity Hospital, 
Kyoto, Japan 

A legislation fee of $25 00 USA will be chaiged all 
physicians and a fee of $10 00 foi wives oi non-medical 
guests Registeied membeis aie admitted fiee to banquet, 
leceptions and sightseeing touis 

Closing date foi scientific papeis will be Apul 30, 1958 A 
summary of papei, not to exceed 800 woids, should be sent to 
the Dnectoi not latei than that date 



GENERAL ANESTHESIA IN BRONCHOSCOPY, 

ESOPHAGOSCOPY AND LARYNGEAL SURGERY 
EMPLOYING THE EMERSON “RAINCOAT” 
RESPIRATOR * 

Sylvan M Shane, D D S , 

Harry Ashman, M D , 

Alvin Welfeld, M D , 

Jerome Snyder, M D , 

Elliott Michelson, M D , 
and 

Donald Navratil, M D , 

Baltimoie, Md 

Because of the many difficulties associated with geneial 
anesthesia when employed foi peioial endoscopy, local anal¬ 
gesia, although not necessanlv the patient’s choice, has le- 
mamed the endoscopist’s choice m these pioceduies 

Theie have been numeious geneial anesthesia techniques 
descubed, 12 3 4 which have sought to lesolve the majoi piob- 
lem of maintaining adequate lespnatoiv exchange m a deeply 
anesthetized oi cuianzed patient, with the suigeon woikmg 
m the zone of anesthesia admmistiation All of these methods 
have the basic physiologic fault of inadequate ventilation with 
letention of caibon dioxide 

Tins problem has now been lesolved by the use of a modi¬ 
fied polio chest lespnatoi, which efficiently maintains lespii- 
atory exchange in a lightly anesthetized but totally cuianzed 
patient 

The lespnatoi consists of a plastic oi lubbei lamcoat, 
which slips ovei the patient’s head and tiunk It fits snugly 
aiound the neck and wrists A wne cage is placed undei the 
lamcoat so that theie is at least a six-mch space between the 

•From the Departments of Anesthesiology Otolarvngolog^ and Surgerv 
The Lutheran Hospital of Marvland Baltimore 16 Ard 

Editor's Note This manuscript recelted In The Lar\ ngoscope Office and 
accepted for publication August 12 1957 
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lamcoat and the patient’s chest (see Fig 1) The lamcoat 
is then tucked m snugly between the thighs A two-mch 
opening nmmed with 1 ubbei is located in the chest legion 
of the lamcoat, to which can be attached the suction hose 
fiom a specially designed vacuum pump This has been fitted 
with a valve that peinnts it not only to cieate, veiy lapidly, 
an intense vacuum by sucking an out of the lamcoat en¬ 
closed aiea, but also alternately peimits ail to leentei the 



Fie: 1 Bronchoscopy Patient Is maintained in state of total pnrnljsls 
b\ intermittent IV Injections of succinA lcholine Lipin anesthesia is 
maintained by Insufflating a mixture of Na04-0 3 -fC\ clo through side arm 
of bronchoscope Patient s head held b> assistant Respirator an 111 main¬ 
tain efficient respirntor\ exchange IndcflnitelA Leakage around patients 
neck wrist and thighs Is minimal and of little significance since tacuum 
causes raincoat to adhere to skin 


aiea, thus establishing a ventilation pattern which maintains 
not only tidal volume, but may even be used to hypei ventilate 
the patient The suction causes expansion of the chest wall 
which pioduces inhalation, while the alternate le-entiance of 
an back into the cage causes the chest to fall, pioducmg ex¬ 
halation A patient lightly anestheteized and totally paialyzed 
with succmylcholme can thus be ventilated with complete 
efficiency 

Theie is no limitation to the length of time the opeiatoi 
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can woik, and he can pioceed in a leisuiely and thoiough 
mannei, not being humed bv discomfort 01 feai foi the 
condition of the patient A laijngoscope with a Lewv laivn- 
goscope lioldei (see Fig 2) can be lested on the patient’s 
chest w all, thus allow mg opei ations on the larynx w lule the 
operatoi has two hands fiee foi maneuveis With succmyl- 



Fig- 2 LarMigenl Surger\ Light anesthesia Is maintained b\ insuf¬ 
flating N O-bOi-^-O clo through a na^o-phar'ngeal tube the tip of which 
lies at the u\ula Paral\sis Is maintained b\ intermittent injections of 
succinj Icholine A Lewi support holds lar\ ngoscope which frees surgeons 
hands Respirator breathes for patient b\ creating first a negatl% e then 
a release of pressure around che«*t wall 


choline the larynx is at rest in abduction, leaving the free 
maigms of the vocal cords along with the subglottic legion 
easily visible 

Esophagoscopies aie facilitated and safer on a completely 
relaxed patient wnth bettei visibility and less chance of tiau- 
matie perfoiation 

Bayuk 5 was the first to descube the use of a polio chest 
shell foi maintaining respnatory exchange in cuianzed pa¬ 
tients subjected to peioral endoscopy, howevei, the chest 
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laincoat and the patient’s client (see Fir 1) The laincoat 
is then tucked m snugU b< tv cm the thighs A two-inch 
opening nmmed vitl 1 libber is located m the chest legion 
of tin laincoat, to winch ian be attached the suction hose 
tloin a snecialh designed \ umim pump This has been fitted 
with a \ah that penults it not only to cieate, veiy lapidly, 
an mtinsf \aunim b^ sucl-mg an out of the laincoat en- 
clostd aioa liut also alteiniti.lv pcimits ail to leentei the 



M P1 lntermUte^t Ch I V^lnlec^fo^of 8 « n u’ci?nf!oh d ii ln sta T t< ; totnI Paralysis 

maintained by Insufflating mixtui e of 5'oin anesthesia Is 

of bronchoscope Patients hend hold kC o 3 ° + ° 2 + c ' clo through side arm 
tain efficient respiratory exchange M, inH 3 . 8 " 1 " Respirator n 111 main- 
neck yvrlst and thighs Is mlnknal a'nd of ihti„ h ea ,'i,' le 'e nround patients 
onuses raincoat to adhere to skin &nd ° f * ttle fll G :n ^Ic r ince since tacuum 


t h " s f‘ abl 1 lshl ”e a ventilation patten, which maintains 
not only tidal volume, but may even be used to hypei ventilate 
the patient The suction causes expansion of the chest wall 
which produces inhalation, while the alternate le-entiance of 
air back into the cage causes the chest to fall, producing ex¬ 
halation A patient lightly anestheteized and totally paialvzed 

efficiency 1 ^ 6 ^ Ventllated Wlth complete 

There is no limitation to the length of time the opeiatoi 
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can woik, and he can pioceed m a leisuiely and thoiough 
mannei, not being humed by discomfoit 01 feai foi the 
condition of the patient A laijngoscope with a Lewy laiyn- 
goscope lioldei (see Fig 2) can be lested on the patient’s 
chest wall, thus allowing opeiations on the larynx -while the 
opeiatoi has two hands fiee foi maneuveis With succmyl- 



Fig - 2 Lnrjngeal Surges Light anesthesia is maintained b\ Insuf- 
Hating NO + O-j-Cjclo through a naso-phar 1 * ngeal tube the tip of which 
lies at the u\ula Parallels is maintained bA intermittent injections of 
succinj lcholine A L^w\ support holds larx ngoscope which frees surgeons 
hands Respirator breathes for patient b\ creating first a negatL e then 
a release of pressure around che^t wall 


choline the laiynx is at lest in abduction, leaving the fiee 
margins of the vocal coids along with the subglottic legion 
easily visible 

Esophagoscopies aie facilitated and safei on a completely 
lelaxed patient with bettei visibility and less chance of tiau- 
matic perfoiation 

Bayuk 5 was the first to descube the use of a polio chest 
shell foi maintaining lespnatory exchange in euiarized pa¬ 
tients subjected to peroial endoscopy, howevei, the chest 
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shell elevates and depi esses only the antenoi poition of the 
chest wall, and does not pioduce the laige tidal exchange 
possible with the Emeison plastic “lamcoat” cage 

BRONCHOSCOPY 

The patient fust dons the plastic laincoat, 01 poncho, and 
aftei placing the steel mesh cage ovei the chest (undei the 
laincoat) the neck and aim stungs aie tightened to pi event 
leakage of au m 01 out An mtiavenous glucose infusion is 
fust established so that a patent vein will always be available 
to maintain succinylcholme paialysis 

The patient is then lightly anesthetized by any favonte 
method, then lendeied apneic by succinylcholme and the 
lespnatoi turned on The bionchoscope is then passed into 
the tiachea while oxygen, with anesthetic gases aie continu¬ 
ously adnunisteied tlnough the side-aim of the instiument 
It is advisable to pass the bionchoscope quickly, since the ex- 
tieme lelaxation may pioduce obstiuction of the glottis 
because of a lelaxed epiglottis It is sometimes moie efficient 
to pass the bionchoscope tlnough a laryngoscope foi this 
leason Adequate exchange pievails tluoughout the state 
of paialysis If the patient leflexly moves additional succmyl- 
chohne is injected 

LARYNGEAL SURGERY AND ESOPHAGOSCOPY 

In laiyngeal suigeiy anesthetic gases must be adnunisteied 
by insufflation to maintain unconsciousness, and this is done 
by means of a nasophai yngeal tube, which does not entei 
the tiachea 

Foi laryngoscopy and laiyngeal suigeiy the vocal colds 
aie continuously undei dnect observation since they aie the 
suigical target, and patency of the an way is thus assuied by 
dnect vision 

In esophagoscopy, on the othei hand, airway patency is 
not assuied, and partial obstiuction may exist even though 
the lespiratoi is opeiatmg efficiently In older to assuie 
airway patency duung esophagoscopy a stethoscope should 
be attached to the patient’s neck at the larynx with adhesive, 
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so that \entilation can be continuously, monitoied This is 
essential, since succimlcholme paialvsis pioduces complete 
lelaxation of the tongue, which often falls postenoily to ob- 
stiuct the anwa\ e\en though the esophagoscope is in place 
In 01 dei to pi event tiacheal collapse fiom the mstiument, 
an endotiacheal tube may be inserted \ia the nose pnoi to 
intioducing the esophagoscope, and the anesthetic gases de¬ 
in eied thiough this naso-endotiacheal tube 

ANESTHESIA TECHNIQUE 

Patients mav be induced with methituial (Neiaval), hexo- 
baibital (Evipal), 01 thiopental (Pentothal) We prefei 
metlutuial, since tlieie is less postopeiative mebnation In 
addition, the leturn to consciousness occuis much moie lapid- 
lv than with the othei baibituiates 

The induction dose of the thiee diugs m the aveiage adult 
is 


Metlutuial—10 cc of a 4 pel cent solution 

Hexobaibital—10 cc of a 4 pei cent solution 

Thiopental—8 cc of a 4 pei cent solution 

As soon as the metlutuial is injected a mask is placed on 
the patient’s face, and a mixtuie of mtious oxide, cvelopio- 
pane and oxygen is admmisteied m a semi-closed system as 
follow s 

Cyclopiopane—700 cc pei minute (117 pei cent) 

Nitrous oxide—2000 cc per minute (29 8 pei cent) 

Oxygen—4000 cc per minute (58 5 pei cent) 

This mixture of gases wall pioduce light, plane I anesthesia 
within thiee to five minutes, and no mattei how r long it is 
admimsteied a level of anesthesia deepei than plane I will 
be impossible to achieve We have used this exact mixtuie 
m ovei 30,000 patients dui mg the past nine yeais foi every 
type of suigery Details of its admmistiation have been 
descubed fully elsewlieie 0 ' 8 

When plane I is established, 20 mg of succmylchohne is 
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injected tlnough the intiavenous infusion needle At the 
occunence of lespnatoiy anest the Emeison lespnatoi is 
tumed on, md the bieatlnng bag on the anesthesia machine 
is obsei\ed so that inflation and deflation occuis with each 
le-'Piiaton c\cle While still undei succinylcholine paialjsis 
the mask is lemoved fiom the face, and the bionchoscopist 
instils the Inonchoscope quickly To the side-aim tube of 
the bnmthoscope is attached a piece of wide boie lubbei 
tailing tlnough which is insufflated exactly the same nnx- 
tun ol nitious oxide, oxygen and cyclopiopane If the patient 
'hmild leflexly move, 01 if added lelaxation is lequested, an 
idditional cc of succinylcholine (20 mg ) is injected inteimit- 
h nth whenevei necessaiy When the opeiation is ovei, pine 
o\\ toil is insufflated tlnough the bionchoscope foi about two 
minutes pnoi to lemoving it When the patient’s own lespn- 
u <1 y effoits lesume the Emeison lespnatoi is turned off 

Foi laiyngeal smgeiy the same mixtuie of gases is insuf¬ 
flated thiough a nasophai vngeal tube which is inserted 
tlnough the nose, only to the uvula In esophagoscopv a 
stethoscope should be taped to the neck m the legion of the 
laiynx so that lespnatoiy exchange can be monitoied, m 
the event an endotiacheal tube is not used 

SUMMARY 

A new method of assunng adequate ventilatoiy exchange 
duung bionchoscopy, esophagoscopy and laryngeal smgeiy 
undei light geneial anesthesia, with full cuiaie paialysis, 
has been descubed An Emeison body jacket lamcoat ovei 
a steel mesh cage is employed m conjunction with a special 
vacuum pump lespnatoi to piovide inteimittently expansion 
and compiession of the chest wall, which theiebv assuies 
efficient ventilation 
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end then tieatment, as well as the technique of the various 
piocedures is consideied 


REFERENCES 

1 Skolmh E M and Fonvvrro E J Management of Respirator 
Obstruction in Hemophilia E E ^ T Jfonlhl}/ 34 435-43S Julv 1955 

2 Foir vrro E J and Skolmk E M Levoluzlone della Trache 
otomia Muicnn Oionno Turin ItaU, C 140 Jan 1956 


PROGRAM OF THE SEVENTH INTERNATIONAL 
CONGRESS OF BRONCHOESOPHAGOLOGY 

Meeting Place—Kvoto Umveisity, Kyoto, Japan 

Fuday, September 12th, 1958 

8 00 P M-10 00 PM—Reception (Party) Shimomuia 
House in Kyoto 

Satuiday, Septembei 13th 

8 00 AM—Inauguial Session (in Kyoto Umveisity Hall) 

9 00 AM-12 00 M—Fust Scientific Session 

12 00 M -2 00 P M —Luncheon (Reception The Place not 
decided) 

2 00 P M -6 00 P M —Sightseeing in Kyoto 
8 00 P M —Banquet, Miyako Hotel 

Sunday, Septembei 14th 
8 00 A M -11 30 A M —Second Scientific Session 

11 30 AM-12 00 M—Closing Ceiemony 

12 00 M —Depaituie for sightseeing m Nara 

1 00 P M—Luncheon, Naia Hotel 

2 00 P M -6 00 P M —Sightseeing in Naia 
7 00 P M —Return to Kyoto 



INTRA-AURAL MUSCLE CONTRACTION IN MAN, 
EXAMINED BY MEASURING ACOUSTIC 
IMPEDANCE OF THE EAR 1 

A AGE R MOLLER, 

Stockholm, Sweden 

INTRODUCTION 

Inasmuch as the mtia-auial muscles appeal to be of some 
importance to the function of the eai, it is desnable to undei- 
stand then behavioi in gieatei detail The conti action takes 
place bilateially when one eai is stimulated bv a stiong tone, 
with a minute, but cleaih measuiable, delay in 1 elation to 
the stimulating tone The latent penod befoie the leaction 
of the muscles is significant, in that the muscles must be le- 
gaided as inactive dui mg this latency The majonty of the 
knowledge we have concerning the function of the mtia-auial 
muscles has been obtained fiom animal expel iments, as it 
has been difficult to study the action of the muscles m man 
Usually the stimulus has been applied to one eai, while the 
othei eai has been used foi measuiing the muscle conti action 

A lepoit will be made heie of an investigation of the con¬ 
ti action of the liitia-auial muscles in man, earned out by 
using measuiement of the acoustic impedance in the external 
auditoi v canal Both the latent penod of a conti action, shown 
as a change m impedance, and the degiee of the impedance 
change as a function of the intensity of the stimulus will be 
studied 


EARLIER INVESTIGATIONS 

The function of the mtia-auial muscles has been studied by 
many wnteis The majonty leach the conclusion that a 
muscle conti action causes a deciease in tiansmission, espe- 
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cially with lovvei fiequencies Hallpike and Smith observed 
that a muscle conti action effects a deciease of the cochleai 
potential m cats Wiggers (1937) studied guinea pigs, in 
w Inch spontaneous contractions of the mtia-aural muscles 
occui undei light uiethan anesthesia, and found a diop in the 
cochleai potential at Ionei fiequencies vvhen the muscles 
contiacted At 400 c/s a deciease of 20 db was observed, at 
1100 c/s there was no change, and at 1500 c/s an increase m 
the tiansmission took place when the mtia-auial muscles con¬ 
tiacted Above 2000 c/s theie was no change Galombos 
(1942) investigated bats and found activitv of the mtra-auial 
muscles at fiequencies up to 55 kc/s Death or anesthesia 
increased the cochleai potential foi a strong signal, and this 
was taken bv the vvutei to indicate that the intia-aural 
muscles affect a i eduction in the tiansmission, and that the 
cochlear potential, theiefoie, mcieased when the muscles 
relaxed because of death or anesthesia Wevei and Vernon 
(1954) studied the cat, measuimg the cochlear potential and 
finding that the i eduction m tiansmission was verv slight 
abov e 500 c/s but inci eased below that frequency The write is 
state that the stimulating tone vv as only about 2 db abov e the 
contraction thiesliold They obseived, moieover, that the 
drop m tiansmission increased when the intensity of the 
stimulus was mci eased When the stimulus was 20 db above 
the conti action tlueshold, a i eduction of about 20 db w r as 
observed at 300 c/s The stimulus fiequencv was 1000 c/s 
With only tensor tjmpani active (with the stapedius tendon 
seveied) theie was piactically no reduction in the tians¬ 
mission 

Metz observed that a conti action of the mtia-auial muscles 
effects a change in the impedance of the eai He found that 
the tiansmission i eduction can be measuied as a change in 
impedance in the external auditory canal, pnncipally as a 
change m absorption The angle of the leflection co-efficient 
remained almost constant duung a muscle conti action Us¬ 
ing the same method, Jepsen studied the thiesliold value foi 
a muscle conti action m i elation to the auditory thieshold 
In ordei to determine which muscle caused the change m 
absoiption, he examined seven patients with facial nerve 
paialvsis, but was unable to demonstrate anv change m mi- 
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pedance accompanying stimulation of the conti alateial eai 
On the othei hand he obseived a noimal impedance change in 
two patients with tugemmal paralysis This he accepted as 
pi oof that the cause of a change in sound absoiption is a con¬ 
ti action of the stapedius muscle and not of the tensoi tym- 
pani Jepsen furthei demonstiated that the thieshold foi 
muscle conti action obseived with help of impedance measuie- 
ment agiees closely with that obtained visually by obsei vance 
of the stapedius tendon through a peifoiation in the tympanic 
membiane 

The vanous eaihei studies of the latent penod foi a 
conti action of the mtia-aiual muscles weie earned out, using 
a vanety of methods which aie leflected m the lesults 
Kobiak (1930) studied labbits and used flute tones as stimuli 
As mdicatois foi muscle conti action he employed myogiaphs 
attached to the tendons of the muscles He obtained a latency 
of between about 30 and 150 msec foi the conti action of the 
stapedius, and between about 75 and 150 msec foi the tensoi 
tympanic Loiente de No (1935) studied the conti action of 
the tensoi tympanic m labbits undei ethei anesthesia He 
used, as did Kobiak, myogiaphs as mdicatois, but employed 
a bettei-defined stimulus m the foim of a tone pioduced by 
a loudspeakei As a lesult he obtained a latency of appioxi- 
mately 20 msec when the stimulus was about 15 db above 
the conti action thieshold When the stimulus was moie than 
35 db above the contioction thieshold, he obseived a latent 
penod of fiom 12 to 13 msec 

Tsukamoto (1934) examined labbits undei light uiethan 
anesthesia He used change in piessuie in the labyrinthine 
fluid as an mdicatoi of the conti action of the mtia-auial 
muscles, lecoided with the help of a capillary tube He used 
a flute tone as stimulus With this method he found a mean 
latency of 370 msec 

Perlman and Case (1939) registeied action potentials fiom 
the tendon of the stapedius muscle in man m a contraction of 
the stapedius caused by stimulation with a tone at 1000 c/s 
applied to the contralateial ear The intensity of this tone 
is descubed by the wnteis as “loud” Then lesults obtained 
on a numbei of expenmental subjects gave a mean latency of 
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10 5 msec Boinschein and Kiejci studied labbits, legistei- 
mg action potentials fiom the tensoi tympanic muscle The 
expeiimental animals weie undei local anesthesia A click 
was used as stimulus The latent penod was found to be 12 
to 13 msec 

Loiente de No and Boinschein and Kiejci obseived that the 
contiaction of the mtia-auial muscles in labbits exhibited 
lhythmic changes (waves) m musculai tension and action 
potential, lespectively The fiequency of these changes was 



Pig: 1 Block-scheme of complete equipment 


15 to 20 c/s accoidmg to Loiente de No, and 15 c/s accoidmg 
to Bomschem and Kiejci 

Metz (1951) investigated the latency of contiaction in 
the mtia-auial muscles in man by lecoidmg changes m the 
acoustic impedance of the eai, measured by means of a so- 
called Schuster budge He obseived that the latent penod 
was dependent upon the intensity of the stimulus A stimu¬ 
lus 80 db above the threshold of hearing gave a latency of 
150 msec, 90 db above gave 50 msec, and 100 db above gave 

In oi dei to find a closei relation between the latent penod 
a latency of 40 msec 
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and the intensity of the stimulus, as well as the vanation in 
the lesults fiom peison to peison, the piesent investigation, 
using impedance measui ement, was started The lepioduci- 
bility of the measui ements was also investigated 

INSTRUMENTATION 

The equipment used was designed to delivei a stimulating 
tone of known fiequency and intensity and to indicate a 


iJ l 

50 ms 



Fig 2 a Pul^e response of the selective amplifier Tin upper curve (1) 
represents a tone-pulse (7SGc/s) applied to the input of the amplifier and 
the lower curve (2) repiesents the output from the ampllflei Both signals 
are rectified and low -p iss filtered with 100 c/s cut-off Crequencj 



4 

*-1 < -— 

Fig 2-b The wave form of the stimulus pulse (3) is stimulus 2G00 c/s 
rectified and low-pass filtered with 700 c/s cutoff frequenev (4) Is stim¬ 
ulus 250 c/s direct recorded 

muscle conti action A muscle conti action was shown by le- 
coidmg changes in the acoustic impedance of the eai The 
acoustic impedance was measuied at a fiequency of 785 c/s 

a Fig l shows a block scheme of the equipment used Stimuli are 
produced b\ means of an earphone of Permoflux tvpe PDR 10 The 
signal to the earphone is dellveied In an oscillatoi with variable fiequencj 
which feeds the eai phone via a gate circuit and an attenuator A signal 
from a monostable multivibrator opens the gate in a manner that pi events 
the occuience of a click The curve form of the tone pulse produced bv 
the gate ciicuit is shown in Fig 2 
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The impedance change is indicated b\ means of a special measuring 
de'vice consisting of a telephone and a microphone both connected to a 
tube 4 mm in diameter which is inseited into the auricular canal A 
signal at T8t c/s is fed to the telephone The output voltage of the 
microphone represents the acoustic impedance in the ear measured in 
the external auditor\ canal The output ■voltage is compared with a 
■variable ’voltage ha'ving the same frequencv When this \oltage has the 
same amplitude as the \oltage arrt\ing fiom the microphone and op 
posite phase the reading is 0 When the acoustic impedance changes 
the \oltage from the microphone also changes and the resulting reading 


jt 



Fig 3 The arrangement of headphone and impedance measuring unit 
in position on experimental subject 


will no longer be 0 This ■voltage corresponds to a change in impedance 
which is the result of a muscle contraction The signal is amplified 
rectified and filtered before it is fed into one channel of the recorder 
In addition the signal to the earphone is amplified in the same manner 
as the signal that indicates a muscle contraction and is thereafter fed 
to the other channel of the recorder The latencj is then evident as the 
time difference between these two signals The prerequisite for this Is 
that the apparatus be corrected for possible ■variations in the location of 
the loops in the recorder and for dela'v in the selectUe amplifier ampli 
fving the signal indicating a muscle contraction The delay in the two 
low* pass filters used to filter the rectified signal has no significance as 
the filters are the same In the two channels Fig 2 shows the curve form 
of an interrupted signal at 7S5 c/s, before and after amplification in 
the selective amplifier recorded after rectification and filtration with 


54 


MOLLER INTRA-AURAL MUSCLE CONTRACTION 


100 c/s low pass filteis in both channels (1) and (2) The curve form of a 
stimulus impulse is shoy\n concurrently (3) The pulse shown is a 
rectified signal at 2500 c/s fllteied only by the low pass filtering action of 
the lecoidei This means that the signal Is distorted \er\ little b\ the 
filters Below this a stimulus signal at 250 c/s is leproduced directly (4) 
The recordei used (Mingogiaf) is a two channel writing recorder In 
which a fine ink jet traces a curye on ordinaly adding machine papei 
The frequency lange of the lecorder runs from direct cuirent to 700 c/s 
The paper feed rate used yvas 20 cm/sec in latency measurements and 
5 cm/sec in legistration of wayes in the muscle contraction The im 
pedance measurement appaiatus ghes a sound pressuie of about 75 db 
le 0 0002 dvne/cms This Is measured y\Itli subjective comparison 

b The same equipment y\as used in measurement of absorption as a 
function of the stimulus intensity, except that the output of the micro 
phone yvas measured directly in amplitude relation and phase relation 
to the yoltage applied to the telephone The yoltage (E) from the micro¬ 
phone is in the following i elation to the acoustic impedance Z 
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where Z Is the impedance of the ear and Z is the internal impedance of 

the microphone-telephone unit The impedance of the ear is measured 
in the plane of the microphone The absorption Is most easllv deter 
mined with the help of a bipolar chait in which both impedance and 
admittance ma> be used The use of admittances is ad\antageous be 
cause when admittances rather than impedances are used, the onl\ effect 
of the internal impedance of the microphone-telephone unit is to shift 
the axes In order to obtain the impedance of the ear in the plane of 
the tvmpanic membrane it is necessarv onl\ to subtract the number of 
degrees corresponding to the length of the tube from the microphone to 
the membrane The absorption in this bit of tube is so slight that it 
nm be disregarded 



Tl»t to 

Fit, t The \arlation in latent time for a series of 10 measurements 
made one e\er\ 30 seconds 


MEASUREMENT OF THE LATENT PERIOD 

Eight pel sons, langing in age fiom 18 to 32 yeais, and all 
with normal healing, weie examined The experimental sub¬ 
ject was seated m a chan m a sound-insulated 100 m The 
stimulus was applied as a lule, to the light eai, and the im¬ 
pedance measunng unit was connected to the left eai Fig 
3 shows the anangement The tube fiom the impedance 
measunng device was introduced into the eai Vaseline was 
used to msuie an airtight connection between the tube and 
the aunculai canal In measuiements of the latent penod a 
stimulus about 125 msec m duiation was applied every 30 
seconds At least ten measuiements weie made at each in¬ 
tensity It has been demonstiated that the latent penod is 
not constant In a seiies such as the one studied heie, wide 
vanations may be obtained (see Fig 4) It was for this 
reason that seveial measuiements weie made at each m- 





56 


M0LLER INTRA-AURAL MUSCLE CONTRACTION 



is too ioi no m ioo ioi no in loo im 119 m 


Stlmalu* in db ibor* 0 0001 dr"* <tn J In <H> tbprt 0 ©002 SIUmIm U *> itoor* 0,0001 *y**A»* 



is ioo los no m 103 no n> m iu 10 is to » jo 

8»l**lw t* *> «1 »t* 0 ©OOWtw/c* U db tbor* © 0002 dr»*/cn l »lw«W* U *Scrr» t*»Uwito**l*rrUcU 


Fig- 5 The relationship between latent-time and stimulus Intensity for 
line* persons Stimulus 1600 c/s broken line Stimulus 600 c/s solid 


tensity rathei than only one foi each stimulus intensity The 
latency has been defined as the mean value fiom a senes of 
at least ten measurements Immediately aftei, the next senes 
of measuiements was started, with the lowest intensity fust, 
succeeded by increasingly highei intensities This pioceduie 
was followed to avoid adaptation The stimulus fiequencies 
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used weie 500 and 1500 c/s The test tone used foi im¬ 
pedance measuiement was not intei lupted between measuie- 
ments 

Fig 5 shows the relation between the intensity of the 
stimulus and the latent period and the leproducibihty of such 
measuiements The diffeient curves were lecorded at intei - 
vals of several days It is evident that theie is gieat varia¬ 
tion fiom pei son to peison The latency decreases as the 
stimulus mci eases at the same time that the l epi oductivity 



Fig 6 The relationship between latent-time and stimulus intensit\ for 
two rabbits (there is no reference here between the cited lntensit\ and 
0 0002 d^ ne/cm*) 


of the measurements fiom day to day has a tendency to im¬ 
prove. The maximum and minimum latent time obtained was 
130 and 25 msec It appeals that 1500 c/s stimuli gave a 
shortei latent penod than 500 c/s The intensity shown is le 
0 0002 dyne/cm = , measuied in a 6 cc couplei, with the excep¬ 
tion of the lowei curve on the light (see Fig 5), wheie an at¬ 
tempt has been made to give the intensity lelative to the 
threshold of muscle contraction This is rather umeliable, 
howevei, as the thieshold value does not seem to be well 
defined, le, the thieshold is much highei befoie a contrac¬ 
tion than shortly after The thieshold discussed heie was 
measuied aftei a contraction caused by a tone somewhat 
highei than the threshold value 

In measuiements on rabbits the same technique was used 
as that employed m the measurements on human subjects. 
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except that a tube was mounted on the telephone to cany the 
sound down into the labbit’s eai Moieovei, 2000 c/s was 
used as stimulus fiequency (see Fig 6) The tube on the 
impedance measunng unit was also longei The labbits 
weie placed on a table and held in a cloth bag An assistant 
held the telephone and impedance measunng unit in position 
The labbits weie not anesthetized The stated intensity of 
the stimulus was not le 0 0002 dyne/cm 2 m the measmements 
on labbits because of the tube mounted on the telephone 


l 


SE atlmului 1500 e/a 
115 A rljht pi_r 



AM itlmalai 1500 c/b 
115 db rt*hi tir 


«“«»• cotrtractlor Maid* cootrtctloo 



f 


l 


OS allmuhia 1500 c/a 
105 db rlfht car 


J l 


AM atlnaulai 1500 c/a 
12o db rltht ur 


Muscle contraction 



AM atUnulu* 500 c/a 
125 db rl*M ear 



Moflcl* contraction 




Fig 7 Examples of recorded muscle contractions 


Fig 7 shows examples of the muscle conti actions pioduced 
by the different intensities and m diffeient peisons The 
upper curve shows the stimulus and the lowei cuive shows 
the rectified signal that lesults fiom a muscle conti action 
The deflection shown need not be m any definite l elation to 
the degiee of muscle conti action This is because the leg- 
lstered signal occurs as the diffeience between the adjustable 
voltage and the output voltage of the microphone Theie is 
no simple relation between the output voltage of the micio- 
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phone and the impedance 01 absoiption of the eai All that 
can be said is that when the miciophone \oltage changes it is 
due to a change in the impedance of the eai, and that msy be 
due to a muscle conti action It is not entnely impossible 
that a muscle conti action mav take place ■without a change in 
impedance Whethei 01 not such a muscle conti action without 
a change m the impedance may be of any significance foi 
sound tiansmission in the eai is uncertain 


L_ 

AM stlmatua 100 c/« 125 db rl«M rar 


J L 

8E itlmalaJ 500 c/» 115 <fc rt*ht ear 


r-~ 


Muscle con tract too left ear 


Muscle contrsctloo left ear 




AM mtlmuln* 500 c/i 120 db rltfit ear 


Muscle contraction left ear 


SE stimulus 500 e/s 115 left ear 

— T Muscle contrsctloo rl*bt ear 


\ 


200 ms 

RL stlmulas 500 c/s 125 db rt^M ear 


f 


Muscle coctrsctloo left ear 


8E stlmulas 1500 e/s 115 db rlffat ear 


\ 


Muscle coctrsctloo left 


Fig 8 Examples of recorded muscle contractions with waves in the 
beginning of the contraction 


Lorente de No has demonstrated in experiments on labbits 
that weaves occui with constant fiequency m the muscle ten¬ 
sion when the tensoi tympanic conti acts A similai phenome¬ 
non was obseived m thiee of the expei imental subjects m this 
study, and was most pronounced in SE The waves weie not 
appaient m stimulation with 1500 c/s, but weie a constant 
phenomenon with stimuli at 500 c/s in these thiee peisons 
Fig 8 show's examples of such waves The fiequency was 
relatively constant and was about 7 c/s (Loiente de No ob- 
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served 15 and 20 c/s m labbits ) The measuiements in this 
case were earned out accoidmg to the same punciples as the 
latent penod measurements The mean values of the ten 
measuiements weie 

SE stimulus—110 db 500 c/s light eai 6 4 c/s 
SE stimulus—110 db 500 c/s left eai 6 6 c/s 
SE stimulus—105 db 500 c/s left eai 6 9 c/s 
AM stimulus—120 db 500 c/s light eai 7 4 c/s 
AM stimulus—120 db 500 c/s left eai 7 5 c/s 
IM stimulus—110 db 500 c/s light eai 6 8 c/s 





Fig - 9 The relationship 5 between stimulus intensity and sound absorp¬ 
tion in the ear The broken lines are for stimulus 1500 c/s and the solid 
lines are for stimulus 500 c/s The points on the \-nxis which nre con¬ 
nected with dotted lines to the cur\ es indicate absorption without stimulus 


Measuiements on diffeient days show that the lepioduc- 
tivity was extremely good 

The expeiimental subjects lemaiked spontaneously that the 
stimulus tone was not constant in amplitude at the beginning 
of the stimulation when 500 c/s was used They heaid a dis¬ 
tinct change m amplitude on the occasions when waves weie 
legisteied m the impedance change The peisons who did not 
exhibit these waves could not heai vanations in the amplitude, 
not even when they had been instructed to listen foi them 
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Fig 9 shows the sound absoxption as a function of the inten¬ 
sity of the stimulus foi thiee diffeient pel sons, measured in 
the external auditoiy canal with a measunng fiequencv of 785 
c/s The diffeient cuives come fiom measuiements on dif¬ 
feient days The fust is the lowest stimulus intensity used, 
followed by the next lowest and so on The impedance 
changes m a muscle conti action appeal to be a change in 
absoiption without a change in the angle of the leflection 
co-efficient The measuiements show that a muscle conti ac¬ 
tion causes a deciease in the sound absoiption, which takes 
place giadually as the stimulus increases 

SUMMARY 

The latent time foi the conti action of the mtia-auial mus¬ 
cles is measured in eight peisons with normal healing The 
muscle conti action is demonstiated with impedance measuie- 
ment The latent time is defined as the mean of at least ten 
successive measuiements at 30-second intervals A wide 
vanation in the lesults was obtained with lespect to measuie¬ 
ments, both on diffeient persons and on the same peison, 
with intervals of seveial days between measuiements Foi 
companson, similai measuiements weie earned out on two 
rabbits A phenomenon worthy of note was the observance 
of waves in the muscle conti action in thiee of the expen- 
mental subjects duimg stimulation at 500 c/s The i elation 
between the stimulus intensity and the sound absoiption is 
investigated m thiee experimental subjects These studies 
demonstiate that the muscle conti action causes a deciease 
in the sound absorption without a change occumng m the 
angle of the leflection co-efficient and that the deciease m 
absoiption occuis giadually as the intensity of the stimulus 
mci eases 


BIBLIOGRAPHY 

Bornsciteits, H anti Krejci F Bioelektrische Funktion s analyse der 
Intra auralmuskulatur ATonatschr f Ohrenh , 86 221 1952 

(ivlaxtbos, R Cochlea Potentials Elicited from Bats bv Supersonic 
Sounds Jour Acoust Soc Ainer , 13 41 1942 

Jepskx O “Studies on the Acoustic Stapedius Reflex in Man * Thesis 
Aarhus Universttet, Unh ersitetsforlaget i Aarhus Denmark, 1955 



62 


HOLLER INTRA-AURAL MUSCLE CONTRACTION 


Korn: \K H Zur Phvsiologie dei BfnnenmuskeJn des Oh res f * Passoic 
bchacffei BeiU , Vol 13 38 1930 

Lorlkte ol No, R The Function of the Central Acoustic Nuclei E\ 
arained bv Cleans of the Acoustic Refle\es Tin L\k\ ngoscoi t, 45 573, 
1935 

Metz, 0 The Acoustic Impedance Measuied on Normal and Patholog 
ical Ears Acta Oto Lai yngol , Suppl G3, 194G 

Mftz, O Studies on the Contraction of the Tvnipanic Muscles as 
Indicated bv Changes in the Impedance of the Ear Acta Oto Laryngot , 
39 397 1951 

Plrlmvn, H B, and C vst T J ‘Latent Period of the Crossed 
Stapedius Reflex in Han ” Ann Otol t RhmoJ and Laryngot 4S GG3 1939 

Tsukamoto H Zui Phvsiologie der Binnenohrmuskelen 7clinch / 

Biologic, 95 14G 1934 

TVLvfcn, E G, and Veihsoa, J A. The Effects of the Tvmpanic Muscle 
Reflexes upon Sound Transmission Acta Oto Laryngot , 45 433, 1957 

1\ iggers, H C Tiie Function of the IntraAuial Muscles Amcr Jour 
Physiol , 120 771, 1937 


AMERICAN BOARD OF OTOLARYNGOLOGY 

The Amencan Boaid of Otolaiyngology will conduct only 
one examination m 1958, and tins will be Octobei 6-9, 1958, 
m Chicago, Illinois, at the Palmei House 

Foi fuithei mfoimation addiess Di Dean M Lieile, 
Secy-Tieas, Umveisity Hospital, Iowa City, Iowa 



A CASE OF UNUSUAL CONGENITAL FISTULA 
OF THE AURICLE 


John Keohane M B , 

Stettler, Alta, Canada 

The detailed and infoimatne aiticle (Skokan) on the entile 
subject of congenital aunculai fistulae m The Laryngoscope 
of Septembei, 1957, bungs to my mind an unusual case I 
lecently tieated 

My patient, a female, aged 31, had a lustoiv dating back 
many veais She had several opeiations some meie in¬ 
cisions with diamage of lecuiient infected c\sts, otheis, 
moie detei mined attempts to inadicate liei annoying and 
painful complaint 

She i\as not quite suie vliethei hei tiouble fust staited in 
the concha 01 post aunculai region When I first saw hei 
she had a sinus that extended fiom the post auncular 
legion to the junction of the concha and the flooi of the ex¬ 
ternal auditory canal She informed me that it dischaiged 
thick pus continually, and vas liable to lecuiient attacks of 
acute inflammation with consideiable pain, discomfort, etc 
Gentle piessuie with the fmgei-tip ovei the concha caused pus 
to piesent both antenoilv and postenoily Tins also caused 
acute pain, and the ai ea w hei e the sinus opened m the concha 
was very tendei indeed This, to mv mind, indicated in¬ 
volvement of the peiicliondiium and cartilage of the concha, 
furtheimoie, the conclial sinus was suiiounded by an aiea 
of neciotic looking skm about 1 cm m diametei, and the 
post aunculai aiea was also quite unhealthy looking and 
seal led fiom lepeated suigery 

The pioblem was to cuie the disease and pieseive the ap¬ 
pearance of the auncle as much as possible I thought of 
injecting the sinus with radio-opaque oil, but saw little point 
m it 


Editors "\ote This manuscript receded in The Larvngoscope Office and 
accepted for publication October 23 1957 
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THE ABSORPTION OF TOPICALLY APPLIED 
TETRACAINE AND COCAINE * 

John Adriani, M D , 
and 

Donovan Campbell, M D , 

New Oileans, La 

LOCAL ANESTHETICS 

Local anesthetics lank high in the list of diugs which cause 
unnecessary deaths Those who consistently use local an¬ 
esthetics aie familial with then hazaids, occasional useis 
aie often less veised in then phaimacology, toxicology and 
technique of use and usually experience the majority of dif¬ 
ficulties 1 The piotocols of mishaps indicate that leactions 
and fatalities aie most fiequent aftei topical application The 
otolaryngologists, m our expenence, piesumablj because they 
use these diugs continuously and have lespect foi then 
potency, appeal to encountei fewei difficulties 

The pioblem of leactions following the topical use of local 
anesthetics was of such concern that, in 1924, a commission 
w r as delegated by the Amencan Medical Association to leview 
the status of the then available diugs and make lecommenda- 
tions concerning dosage and technique of usage 1 Although 
the situation has impioved slowly since submission of then 
leport, pieventable deaths aie still fiequent Seevers 3 has 
commented that moie people die fiom local anesthetics than 
from any othei gioup of drugs Pei haps the pioblem is 
ignoied, because the deaths occui spoiadically, m many aieas 
m the hands of many users 

Conflicting statements appear m the medical liteiature 
concerning absoiption of local anesthetic drugs aftei topical 
application Neaily everyone assumes that they aie lapidly 
absoibed into the blood stream and that the high blood level 

•From the Department of Anesthesia, Charlt-i Hospital and the Depart¬ 
ment of Surgery Louisiana State TJnlversltj New Orleans La 

Editor’s Note This manuscript receded in the Laryngoscope Office and 
accepted for publication Nov 4 1957 
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Aftei consideiable thought it was decided to attempt a 
ladical l emoval of the diseased tissue with subsequent skm 
giaftmg of the defects A plan was devised to pieseive the 
appealance of the auncle at opeiation 

Undei geneial anesthesia a moie 01 less cnculai incision 
was made suiioundmg the diseased conchal skm The lateial 
part of this incision was earned lateially tlnough the mcisuia 
mtertiagica, then caudally and postenorly, and finally m a 
cnculai mannei to smiound the diseased post aunculai 
legion This aiea was about 2 cm in diametei I might add 
that befoie the incision was made the postenoi sinus was 
injected with Methylene Blue and the dye piesented in the 
conchal sinus The incision was deepened to expose the en¬ 
tile sinus tiact The supeio-medial pait of the sinus was 
suiiounded by neciotic cartilage, and the cnculai incision 
was deepened to excise this cartilage The entile tiact was 
then excised with the attached uppei and lowei diseased 
skm and cartilage The exact location of the posteio-mfeiioi 
end of the sinus was medial to the lobule ovei the lowei part 
of the lateial suiface of the mastoid piocess The dye was a 
veiy useful guide to the depth and location of the sinus The 
base of the wound was then cuietted thoioughly 

The aiea was lepaned as follows 

A split-thickness skm giaft was cut fiom the medial aspect 
of the left thigh and used to lepan the conchal and post 
aunculai defect The incision tlnough the mcisuia mtei- 
tiagica and the attachment of the lobule to the skm of the 
face was then sutuied The conchal giaft was made to fill 
its uneven bed with one-half inch vaseline gauze The pos- 
tenoi area was diessed with non-stickmg “Telfa” The entne 
aiea was left untouched foi two weeks, and lemoval of the 
diessmgs showed that the giafts had taken very well indeed 

I have kept the patient undei observation foi seveial 
months, she has an execllent cosmetic lesult with no lecui- 
lence of any infection, and the giafts have suivived excep¬ 
tionally well Hei auncle looks noimal and its configuiation 
was not changed m any way by the opeiation This is, of 
couise, important, especially m a female patient 
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ably 1cm ei than those obtained aftei a single application 
Identical blood levels weie obtained if the total weight applied 
to a given area lemained constant, even though the concentia- 
tion was vaned fiom 2 to 4 pei cent This is extiemely 
important, because it indicates that the blood le\el is moie 
dependent upon total dosage than concentration The blood 
level was not detectable when 6 mgm per kilogiam of tetra¬ 
caine in the form of a 0 1 pei cent solution was mfiltiated 
subcutaneoush ovei an aiea of the abdomen 3x4 cm The 
slow mtiavenous infusion of 6 mgm pei kilogiam ( 001 pei 
cent solution) ovei a 20 minute period, likewise, caused no 
detectable quantity in the blood aftei the injection was com¬ 
plete 

When the fiee base was piecipitated and applied to the 
mucous membianes, the blood level cuives weie identical to 
those obtained when compaiable weights of the base in aque¬ 
ous solutions of the hydrochloride weie used Absoiption of 
the liydrochlonde, mcorpoiated in a watei soluble cream 
base, applied to mucous membranes was piompt and lapid 
and occuned with ease These data indicate that the topical 
application of a given dose of a local anesthetic results in 
blood levels similai to those obtained after lapid intravenous 
injection The epithelial suifaces of the pharynx, trachea, 
alveoli and postenoi uiethia piovide excellent absoibmg sui- 
faces Diugs aie leadily absoibed fiom the pulmonary alveoli 
because the osmotic piessuie l elationslnps m the pulmonary 
vasculai bed aie designed to pi event collection of fluid m the 
sacs Volunteeis inhaling nebulized 4 per cent cocaine hydio- 
chlonde immediatelv experienced the stimulation character¬ 
istic of this diug and felt no appreciable numbness m the 
uppei lespnatory passages 

Similai studies weie earned out using cocaine The data 
closely follow the pattern of absoiption obtained with tetra¬ 
caine The statement is heaid that 10 pei cent cocaine is 
less toxic than more dilute solutions, such as the 4 oi 5 per 
cent, because the vasoconstnctoi effect is moie intense with 
the moie concentrated solution and absorption is letarded 
In oi dei to determine whethei or not this leasonmg is cor¬ 
rect, benzocame crystals weie mcoiporated in a 10 pei cent 



66 


ADRIANI & CAMPBELL TETRACAINE AND COCAINE 


is the dnect cause Still, blood level studies to substantiate 
this assumption aie not available Eggleston and Hatchei 1 
indicated the lole of lapid absorption m causing leactions 
but leported no blood levels Seeveis and his co-woikeis,-' 
studying the metabolism of cocaine, injected the diug sub¬ 
cutaneously, mtiavenously and into the stomach, but did not 
study absoiption fiom the phaiynx, tiachea, bioncln and 
othei mucous surfaces wlieie it is used most often clinically 

We felt that blood level studies might piovide a clue to the 
cause of the high leaction late and undertook such a study 
Foi obvious leasons, the study was done m the laboiatory on 
dogs Blood levels weie detei mined aftei the application of 
tetiacame and cocaine, the two most seiviceable and widely 
used diugs, to the mucous suifaces of the phaiynx, tiachea 
and bioncln These blood levels weie compaied with those 
obtained after lapid mtiavenous injection, subcutaneous m- 
filtiation and slow mtiavenous infusion The lapid intra¬ 
venous injection of 6 mgm pei kilogram of tetiacame gave 
levels avei aging 100 mgm pei ml within one to two minutes 
The same quantity spread ovei the pyliform fossae oi in¬ 
stilled into the tiachea lesulted in peak levels of 30 mgm pei 
ml The peak was attained within foui to six minutes The 
peak blood level was not so high, noi was it attained as 
abiuptly, as that noted aftei lapid mtiavenous injection, but 
was fai greatei as compaied to blood levels lesultmg fiom in¬ 
filtration Theie is some difference between the cuives ob¬ 
tained aftei the pharyngeal and mtiatiacheal instillations, 
howevei, it is not lemarkable, and the peak levels of both 
curves fai exceed those aftei subcutaneous injection oi slow 
mfusion Epmephime added to 2 pei cent tetracaine did not 
letaid absoiption significantly The blood levels did not 
diffei lemaikably fiom those obtained without the use of 
epmephrme 

In one set of experiments the total dose was doubled and 
applied m fractions at equal intervals of one minute ovei an 
eight to ten minute period The blood level giadually attained 
a peak of 20 mgm per ml aftei ten minutes The application 
of the drug m fractions resulted, as one would expect, m a 
giadual nse in blood levels The blood levels weie considei- 
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Tetracaine is ten times moie potent than procaine on the 
milligram foi milligram basis, thus one mgm of tetiacame 
should pioduce the same degiee of blockade as 10 mgm of 
procaine On theoietical grounds, one would use 1/10 as 
much Oidinanlv one giam of piocame is the maximum 
quantity lecommended for infiltiation in an adult On such 
a basis, it would follow that 100 mgm of tetracaine would 
be the maximum used foi infiltration In topical anesthesia, 
howevei, this does not applv necessanly because the absolu¬ 
tion aftei topical application to the mucous membianes is 
fai more rapid than after subcutaneous injection The total 
quantity, theiefore, should be much less than that suggested 
foi mfllti ation, how much less is difficult to say 

Carabelli has attained adequate anesthesia using a 0 25 pel 
cent solution of tetiacame He suggests 20 mgm as the limit 
to be applied m fi actional doses Rubm and Culley® suggest 
50 mgm as the limit to be applied m fractions ovei a penod 
of 15 oi 20 minutes Weisel and Tanow" using quantities 
not exceeding 40 mgm m 1000 endoscopy pioceduies noted 19 
leactions Seven of these weie convulsive, the lemamdei 
veie classified as mild circulatory In the senes of fatalities 
leported by the writeis, 1 doses as high as 180 to 200 mgm 
had been used m some cases Obviously, these doses weie 
excessive and piesumably accounted foi the difficulties Co¬ 
caine is appioximately five times moie toxic than piocame, 
thus, on theoietical giounds, the maximum amount of co¬ 
caine, at any one sitting, should not exceed 200 mgm The 
question as to the maximum amount of tetiacame oi cocaine 
to be used topically is not easily answeied These data on 
absoiption seem to indicate that the dictum “use the least 
amount of the most dilute solution to obtain effective an¬ 
esthesia as possible” should be adopted 

Theie is a latent oi lag penod fiom the moment a diug is 
applied to a neive fibei until the full effect is established 
This is especially tiue when topical anesthetics, such as co¬ 
caine and tetiacame aie being employed As many as five, 
and often as long as ten minutes may elapse befoie full 
anesthesia is obtained Clinicians aie eithei unawaie of tins 
latent penod, oi become impatient and tend to ignoie it and 
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and a 4 pei cent aqueous solution of cocaine and applied to 
the pyufoim fossae Should cocaine pioduce a vasoconstnc- 
tion it should letaid the absoiption of benzocame Blood 
levels in each case veie identical to those obtained when 
benzocame was suspended m distilled watei When benzo¬ 
came crystals suspended in watei weie applied to the phaiynx 
aftei fust spiaying with 05 noiepmephnne to the point of 
blanching, blood levels avei aging 80 mgm pel ml veie 
obtained aftei five to nine minute mteivals with a giadual 
decline to the zeio level aftei 20 minutes Although these 
blood levels aie somewhat lowei than those of the conti ol, 
and the peak is attained aftei a longei time mtei val, the 
diffeience is not so gieat that it is lemaikable 

It appeals that neithei the vasoconstuctoi effect of noi- 
epmephnne oi of cocaine is sufficient to suppiess appieci- 
ably the absoiption of benzocame fiom the mucous mem- 
bianes Aftei the application of 100 mgm of cocaine as a 
4 pei cent solution to the pynfoim fossae the blood level lose 
to 8-12 mgm pei ml within 4 to 6 minutes and giadually 
leceded to undetectable levels within a penod of 15 minutes 
The same weight of cocaine as a 10 pei cent aqueous solution 
applied to the pyiiform fossae gave cuives neaily identical 
m contoui to those of 4 pei cent cocaine The peak was at¬ 
tained within six to eight minutes, and the maximum value 
was 10 mgm With 4 pei cent the maximum use was within 
foui to six minutes and lose to 8 to 12 mgm , thus, even 
though some cocaine causes vasoconstuction this effect is 
insufficient to letard absoiption significantly When cocaine 
was combined with epinephrine neaily identical absoiption 
curves weie obtained These weie not lemaikably diffeient 
fiom those obtained with 4 pei cent alone 

Dibucame and tetiacame aie the most potent and most 
toxic of the local anesthetics which possess suitable topical 
actions Procaine, the least toxic local anesthetic diug m 
current use, is devoid of topical action Fiom the standpoint 
of effective topical anesthesia, one must concede that tetia- 
came is the most sei viceable, howevei, one wondei s whether 
he is justified in using it because of its toxicity The term 
1 potency applied to a topical anesthetic is not easily defined 
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ly chaiactenstic of a diug occuis Idiosynciasy is laie Re¬ 
actions charactenzed by hjpotension, concisions, excitement, 
coma, lespiratorv failuie, etc, aie not due to ldiosynciasv 
These aie symptoms oidmanly anticipated from oveidosage 
ldiosvnciasj is often confused with liitoleiance Intoleiance 
is a quantitative lesponse Wien a leaction is due to mtolei- 
ance the usual lesponse expected of the diug occuis, but with 
a quantity fai less than the usual theiapeutic dose Intolei- 
ance also is uncommon but occuis moie fiequently than alleigy 
01 ldiosinciasj It may be encounteied in aged, pool usk 
subjects who aie unable to metabolize the diug at the usual 
rate 

The tendency to implicate alleigj as the cause of leactions 
is all too pievalent Many diugs, local anesthetics included, 
combine with piotem and become antigenic. Theie is a le- 
markable diffeience between symptoms caused by ovei dosage 
and by an allergic lesponse When the lesponse is an alleigic 
one, eczema, uiticana, laryngeal edema 01 bionchospasm de¬ 
velop These symptoms, particularly those manifested b\ 
cutaneous lesions, lequne some time to derelop Seveial 
houis may elapse befoie they appeal, and they peisist foi 
sereral dajs An alleigic lesponse implies that there has 
been previous contact with the diug, which invaiiably is the 
case Such sensitivity may be detected by the use of patch 
tests 01 laismg mtiadermal wheals It is possible foi a 
fatal leaction to be anaphylactoid, but this is laie indeed 
A minute amount of a diug applied topically mtiacutaneous- 
ly, or by any othei loute, piomptly causes syncope and death 
The quantity oidmanly used foi laismg a skin wheal oi foi 
performing a conjunctival sac test may cause death Intia- 
cutaneous or conjunctival tests aie of questionable value 
They may detect the occasional patient who lias become sen¬ 
sitized and is tiuly alleigic, but they are no value m detecting 
intoleiance, likewise they are of no value m determining who 
may develop an anaphylactic response The quantity used 
to perform the test would be lethal to a tiuly sensitive subject 

SUMMARY 

Fatalities and untowaid leactions occui more frequently 
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commence suigical manipulations befoie anesthesia is fully 
established The anesthesia is usually inadequate and a 
second application is often made befoie the fast has had an 
opportunity to exert its effect It can be seen how such a 
piactice could lead to ovei dosage As a lule the longei last¬ 
ing diugs manifest a longei latent penod 

Most physicians aie geneially awaie of the effects of ovei 
concentiation of local anesthetics on the cential neivous 
system Local anesthetics depiess caidiac tissues, the myo- 
caidium may be so depiessed that asystole lesults This 
depiessant effect of local anesthetics has been utilized to 
deciease piophylactically caidiac lintability and obviate ai- 
lhythmias dui mg thoiacic suigeiy Local anesthetics also 
cause 'vasodilatation Seveie degiees of hypotension maj 
lesult when myocaidial depiession and vasodilatation occui 
simultaneously Tlieie is no leason to assume that both the 
cuculatoiv and neivous systems cannot be involved simultane¬ 
ously, paiticulaily when ovei whelming doses aie used, m 
fact, this appeals to occui m leactions fiom tetiacame 

Should a senous leaction occui, one is faced with two 
emeigency situations, lespnatory failiue and asystole if 
caidiac anest is suspected immediate opening of the tlioiax 
and caidiac massage is indicated, if the heart has not stopped 
but the blood piessuie is unobtainable, vasopiessois, such as 
ephednne, phenylephi me (neosynephnne) 01 methoxamme 
(vasoxyl) 01 similai diugs should be admimsteied mtiaven- 
ously Aitificial lespnation must be instituted immediately 
and maintained thioughout the penod of apnea 01 inadequate 
ventilation Obviously one should not undeitake the admims- 
tiation of local anesthetics m situations m which it is not 
possible to institute 1 esuscitative measuies immediately In 
othei woids, one should have available appaiatus foi pei- 
foimmg artificial respnation 

Most leactions aie due to overdosage Certain leactions, 
howevei, cannot be ascribed to ovei dosage, and aie due to 
other causes Most clinicians classify reactions as due to 
ldiosynciasy In idiosyncrasy the usual theiapeutic dose of 
diug gives a qualitative deviation fiom the anticipated phai- 
macological response, in other woids a lesponse not oidman- 



A TECHNICAL AID IN ADENOIDECTOMY <- 


G Obregon, M D , 
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A gieat deal has been wxitten in 1 elation to the suigical 
technique of the adenoidectomy, and it is geneially agieed 
that dnect visualization of the nasophaiynx is highly de¬ 
sirable i:3, '°' sl ' 10 

Adenoidectomj on one hand has been gieatly facilitated 
with the development and vide acceptance of the self- 
letaimng type of mouth gags and the use of the head-lov 
position The suigeon does not lequne assistants, and as- 
pnation pneumonia has been 1 educed to a minimum On 
the othei hand the use of the self-ietaming mouth gag and 
the head-low position have conti lbuted to a pooiei exposuie 
of the nasophaiynx, often lesultmg m incomplete adenoidec¬ 
tomy 

Seveial authois 1 " have advocated the sitting position in 
piefeience to the head-low position foi the peiformance of 
adenoidectomv The entrance of blood into the tiacheo- 
bionchial tiee in this position is pi evented by an endotiacheal 
tube with an inflated cuff The soft palate is displaced with 
the use of one of the diffeient types of palate leti actors 
available Two assistants aie lequned one to move the 
head of the patient into diffeient positions, and the othei to 
keep the opeiative field clean by the use of suction 1 

The dangeis mheient in the sitting position undei geneial 
anesthesia, we believe, have been minimized by its advocates 
when they state" that the only advantage of the head-low 
position is the pievention of the entiance of blood into the 
tiachea In other suigical fields in which the sitting position 
is fiequently used, numeious devices have been mtioduced to 
pi event orthostatic hypotension 

•Department of Otolarv neology and Maxillofacial Surffen Unl^ ersitj 
Hospitals Iowa Clt'v la. 

Editors Note This manuscript receded In The Lanngoscope Office and 
accepted for publication Dec 12 1957 
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when local anesthetics aie applied topically than when in¬ 
jected It has been assumed that lapid absoiption is the 
cause, but dnect evidence in support of this contention is 
scaice The wnteis have determined the blood levels of 
tetiacame and cocaine, in dogs, aftei the 1 topical application 
m the pyi if 01 m fossae, 2 tiachea and bionchi, 3 aftei the 
iapid mtiavenous injection, U aftei the slow mtiavenous 
infusion, and 5 aftei mfiltiation into subcutaneous tissues 

The quantity of diug which lesults in no detectable blood 
level when mfiltiated subcutaneously gives levels, when ap¬ 
plied topically, equal to one-thnd to one-half of those noted 
aftei iapid mtiavenous injection Epmephnne did not letaid 
the absoiption of eithei diug Foui pei cent cocaine and 10 
pei cent cocaine gave similai blood levels The basic foim 
was as lapidly absoibed as the solution of the salt 

The absoiption fiom mucous membianes is fai moie iapid 
than clinicians have lealized and closely simulates slow mtia- 
venous injection 
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It is well-known that passive tilt to the sitting position 
can be followed by hypotension even m noimal subjects If 
the compensatoiy leflexes aie impaned bv the commonly 
used pie-anesthetic medications the postuial hypotension is 
gieatly incieased 12 The hypotension may be followed by 
ceiebio-vasculai accidents We believe that this technique 
lias definite advantages, but should not be used loutmelv 
because of the inheieiit dangeis In cases of secondaiy 
adenoidectomies when theie is a gieat deal of tension of the 
sott palate as a lesult of scaiung, the elect position ma\ be 
the pioceduie of choice and the onlj nay in which a complete 
adenoidectomy can be peifoimed 

If an adenoidectomy is to be peifoimed undei dnect visuali¬ 
sation the self-i etammg type of mouth gags should not bo 
emploi ed since they pi oduce tension of the soft palate Tins 
makes exposuie of the nasophaiynx extiemelv difficult, and 
undei these cncumstances if the opeiatoi uses a palate ic 
tiactoi, laceiations of the soft palate will fiequently occui 

In oui pumaiy adenotonsillectomy we loutinely use a 
self-i etaming mouth gag and the head-low position A No 
4 laiyngeal rnnioi (see Fig 1) that has been pieviously 
immeised m a glass containing waim saline is placed m the 
oiophaiynx of the patient foi mdnect visualization of the 
nasophai ynx 

Foi the lemoval of lymphoid tissue fiom the nasophaiynx 
vanous mstiuments can be used accoidmg to the needs of the 
individual case We piefei the Barnhill and Jones cuiettes, 11 
the cutting edges of which should be kept sliaip at all times 
The Meltzei punch foi ceps aie especially useful foi the le- 
moval of smallei collections of lymphoid tissue m the fossae 
of Rosenmuellei The shanks of these mstiuments help m 
the letiaction of the soft palate With one hand the laiyn- 
geal mn 101 is manipulated and with the othei the cutting 
insti ument 

The mam mass of midhne adenoid tissue is lemoved with 
the first two oi tlnee stiokes of the cuiettes The naso¬ 
phai ynx is kept fiee of blood with the Yankauei suction tube 
If bleeding interferes with furthei woik m the nasopharynx 
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by direct method : Because of the lm erted image obtained 
the surgeon tends at fust to make motions in leveise, but 
after the first few cases this initial difficulty is easily ovei- 
come 

Caution should be taken w'hen removing lymphoid tissue 
fiom the fossae of Rosenmuellei with a cuiette 01 sliaip 
dissection The mucosa of the medial side of the Eustachian 
tube should be left undisturbed otherwise adhesions wall 
result from the healing of two opposite law areas' 1 (see Figs 
Sa and 3b) 



of the instrument is placed \erticall\ axoiding- the Eustachian tube 

Fig: 3b The curette is improperl\ placed If it is placed obliquelv 
the posterior aspect of the Eustachian tube mai be lacerated 


A leview of the literatuie showed that one authoi 13 had 
descubed the technique we have advocated A lecent publi¬ 
cation 14 also outlines a similar procedure The wiitei empha¬ 
sizes the removal of the highest portion of the adenoids 
located immediately postenoi to the choanae with a Takahaski 
forceps introduced through the nose and visualized with the 
laryngeal mirror placed m the oiopharynx We have also 
piacticed this proceduie on several occasions, with satisfactory 
results 
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a post nasal pack is mseited, and the tonsillectomy is pei- 
foimed Aftei its completion, attention once moie may be 
dnected to the nasophaiynx, and any lemnants of lymphoid 
tissue lemoved with the Meltzer punch foiceps 

We have been using this technique foi the past five yeais 
with veiy giatifymg lesults The view obtained by the m- 
dnect method (see Fig 2) is inverted fiom that obtained 
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11 Onrrrc^, G Adenotonsillectonn Jour Joira Med Soc 377 379, 
1957 

12 Dmrrs Eckfmioft and V^d\m “Introduction to Anesthesia *' A\ 
B Sanders Compam Pub , 1957, Phila and 'London 

13 Siifmd\'s, M R Obsenations on the Nasophannv and Removal 
of Adenoids Jour Larinwol and Otol G5 G09 G13 1951 

14 Pnnrn<n\ P M Adenoidectom\ Arc7i OtoJarj/naoJ t 66 517 524 
1957 


OTOLARYNGIC RADIOLOGY COURSE 

The Departments of Radiology and Otolaiyngology, College 
of Medicine, the Ohio State Umveisity, will offei a post- 
giaduate couise m otolaryngic ladiology Febiuary 4 and 5, 
1958, at Umveisity Hospital, the Ohio State Umveisity 
Health Centei, Columbus, Ohio, undei the dnection of John 
F Holt, M D , Piofessoi of Radiology, University of Michigan, 
Lewis Ettei, MD, Piofessoi of Radiology, Umveisity of 
Pittsbuigh, Rodenck Tondieau, M D , Piofessoi of Radiology, 
Umveisity of Pennsylvania, Sidney Nelson, MD, Piofessoi 
of Radiology, the Ohio State Umveisity 

Theie will be lectuie penods with time given foi gioup 
discussion Di Holt will discuss the esophagus, salivary 
glands, ti acheo-bi onchial tiee, and skull piopei Di Ettei 
will discuss the paianasal sinuses, nose and nasophaiynx Di 
Tondieau will discuss the mastoid and larynx 

Registiants aie encouiaged to bung inteiestrag loentgeno- 
giams foi participation m discussion penods 

A fee of $85 00 must accompany the legistiation applica¬ 
tion Luncheon foi the two days will be included m this 
fee All legislations aie to be completed by January 15, 
1958 

Addiess applications oi lequests foi additional information 
to William H Saundeis, M D, Department of Otolaryn¬ 
gology, Umveisity Hospital, Columbus 10, Ohio 
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The adenoidectomy should not be peifoimed blindly 01 by 
palpation These methods should be delegated to the his- 
toncal backgiound of the opeiation, but its use in modem 
suigeiy should be condemned 

SUMMARY 

1 The sitting position should not be used loutmely m the 
peifoimance of the adenoidectomy because of oithostatic 
hypotension and possibly ceiebio-vasculai accidents 

2 A technique of mdnect visualization of the nasophaiynx 
is descubed 

3 This technique has been used m the past five yeais with 
encoui aging lesults 

U Blind methods in the perfoimance of the adenoidectomy 
aie condemned 
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SUBCOMMITTEE ON HEARING IN CHILDREN 


The Amencan Acadenn of Ophthalmology and Otolaryn¬ 
gology, thiough its Subcommittee on Healing m Children of 
the Committee on Conseivation of Heaimg, has been conduct¬ 
ing a long-teim nationwide study of pioblems 1 elating to the 
conseivation of healing in childien The specific aims aie to 
develop the most efficient case-finding methods and to use 
these methods m estimating the magnitude of the pioblem m 
the countiv, to studi state laws and ieview r cunent piactices 
and facilities foi lehabilitation of healing impaiied childien, 
to help develop methods foi medical and suigical lehabihta- 
tion standaids, and ultimately to use the Subcommittee find¬ 
ings m assisting piofessional woikeis to impiove and enhance 
piogiams in heaimg loss 

In the second "seal of operations, a full-time Executive 
Dnectoi has been engaged, and offices established at the 
Giaduate School of Public Health, Umveisity of Pittsbuigli 
An initial study is being conducted m Pittsbuigli to identify 
eaily medical signs and symptoms w’hich mav indicate dangei 
of heaimg impairment, to measuie the psychological, social 
and otliei effects of such impaiiment and to develop efficient 
and economical methods foi the testing of heaimg m childien 
The Pittsbuigli study is a coopeiative effort among the fol¬ 
lowing The Subcommittee on Heaimg m Childien, the 
Graduate School of Public Health and the School of Medicine 
of the Umveisity of Pittsburgh, the Pittsbuigli Boaid of 
Public Education, and the Allegheny Countv Department of 
Health 

The members of the Subcommittee on Heaimg in Childien 
aie Di John E Boidlev, Baltmioie, Di Victor Goodhill, 
Los Angeles, Di Hollie E McHugh, Montieal, Di S Rich¬ 
ard Silveiman, St Louis, and Dr Raymond E Joidan, 
(Chairman) Pittsbuigh An advisory committee of consult¬ 
ants fiom the Umveisity of Pittsbuigli includes Di Samuel M 
Wishik, Di Leo G Doeiflei, and Di Isidoie Altman Giants 
fiom the United States Childien’s Buieau thiough the Penn¬ 
sylvania Department of Health and from the National In¬ 
stitutes of Health aie piovidmg financial support 
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BOOK REVIEWS 


Sprachaudiometrie Grundlagen und Praktische Anwendung Diner 
Sprackaudiometi fe fui das Deutsche Sprachgebiet Doz Dr Med 
Kail Heinz Hahlbrock Georg Thieme Verlag Stuttgart (in tlie USA. 
and Canada Intercontinental Medical Book Corporation, New Aork 
16 N \ 1957 Soft cover 1S2 pp $5 00 

Dr Hahlbrock has produced a comprehensive systhesis of the principles 
and practices ielating to speech audiometrv The chapters include the 
development of speech audiometrv , the piactical proceduies interpreta 
tion of test results, comparisons between classical tests of hearing and 
speech audiometrv and the techniques of application of speech audiometry 
to the selection of patients for surgery and the selection of hearing aids 

Poi those who can undeistand the German language this should be a 
useful guide to speech audiometiv There is a short introduction bv Prof 
Di F Zollner 


Educational Guidance and the Deaf Child Edited bv A W G Ewing 
The Volta Buieau 1537 35th St \ T W , Washington 7, D C 1957 345 
PP 

A W G Ewing Professor and Director of the Department of Educa 
tion of the Deaf Lmversltv of Manchester, has brought together a col 
lection of studies that reflect the activity in the Department of Education 
of the Deaf at his Univeisitv The major poitions of the volume deal 
with infancy and earh childhood and children of school age A good 
deal of emphasis is placed on scieening tests and guidance for parents 
and on tests of abilities and attainments The book is a useful compen 
dium for those who want to acquaint themselves with the forward looking 
activities at Manchester 


Look, Listen and Llpread Edited by r Betty C Wright The Volta 
Bureau, 1537 35th St NW Washington 7, D C 1957 Soft cover 

110 pp 

Miss Wright, who is listed as Consultant American Hearing Society 
and U S Office of Vocational Rehabilitation t Instiuctor of Lipreading 
Hearing Center, Medical College of Virginia has gathered together con 
tributlons from experienced teachers of lipreading that the latter have 
found useful in practice The compendium is a useful source of tried 
material for the teacher of lipreading 

S R S 
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THE 11TH CONGRESS OF THE INTERNATIONAL 
ASSOCIATION OF LOGOPEDICS AND PHONIATRICS 


The 11th Congiess of the International Association of 
Logopedics and Phomatucs will take place in London, August 
17-22, 1959 The following official leports will be piesented 
The Inhentance of Voice and Speech Disordeis, Piof R 
Luchsingei, MD, Zurich, Defects of Articulation, Munel 
Morley, B Sc, FCST, Newcastle, The Physiology and 
Pathology of the Soft Palate, Pi of Lucio Cioatto, MD, 
Padua The official languages of the Conference will be 
English, Fiench, and Geinnan 

Those woiking in the field of Speech and Voice Theiapy 
and all who aie intei ested m tins specialty aie invited to 
attend and to submit papers 

If intending to be piesent, whethei submitting a papei oi 
not, please inform the Congiess Secietary at the earliest 
possible date 

Papeis aie invited on subjects lelevant to the thiee mam 
reports oi any othei aspect of speech and voice Only one 
contribution will be accepted fiom any one membei of the 
Congiess and this must not have been pieviously published 
The Committee leseives the light to select papers Papeis 
should be lestucted to 15 minutes m length, demonstrations 
to 10 minutes In special cases 20 minutes may be allowed foi 
a papei of gieat importance but only if application is made 
at the time of submitting the title Should a gioup of four 
oi moie people wish to piesent a symposium oi a piepared 
discussion on a theme, consideration will be given to allocating 
up to one horn foi such a contribution 

Titles must be received by Septembei, 1958 Summaries 
must be received not later than November 15th, 1958 

All communications are to be sent to Peggy Carter, 
L C S T , 46 Canonbury Square, London, N 1 
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THE INTERNATIONAL CONGRESS ON THE 
EDUCATIONAL TREATMENT OF DEAFNESS 

The Univeisity of Manchester Department of Education 
of the Deaf, will sponsoi The International Congiess on the 
Educational Tieatment of Deafness, July 15-23, 1958 
The Mmistei of Education foi England and Wales has de¬ 
cided to lecognize the Congress as a Short Course which 
teacheis of the deaf may attend undei Giant Regulations 
An intei estmg piogiam has been ananged 
Demonstiations will be given to lllustiate some aspects of 
the leseaich that is m piogiess m the audiology unit and 
audiological laboiatones of the Depaitment of Education 
of the Deaf, and in collaboiation with the Department of 
Otolaiyngology, the Public Health Department and School 
Medical Service of the City of Manchestei, and the Eai, Nose 
and Thioat Department of the Royal Manchestei Childien's 
Hospital The subjects of the demonstiations will include 
piocedures foi the making of scieemng tests and assessments 
of the hearing of babies and young clnldien, the lesults of 
guidance to paients to enable them to give home tiaimng 
to then children of pre-school age whose hearing is impaiied, 
and the lesults of an experimental investigation on pioblems 
in aichitectural acoustics that concern the use of hearing aids 
m school buildings 

Anangements aie being made to offei accommodation to 
membeis of the Congiess m Univeisity Halls of Residence 
The cost of this type of accommodation is expected to be about 
£1 2s od per day, including bed, bieakfast and dmnei The 
Univeisity lefectory will be available foi meals duimg each 
day 

For those members who wish to do so, anangements will 
be made to visit audiology clinics and special schools in Lon¬ 
don, Oxford and other places In connection with the Con¬ 
giess it is hoped to organize tours to places of intei est The 
dates pioposed for this are July 9th, 10th, and 11th 

For further details write Prof A W G Ewing, Depart¬ 
ment of Education of the Deaf, The University, Manchester 
13, England 
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AMERICAN OTOLOGICAL SOCIETY, INC 

President Dr Dean M Lierle State University of Iowa, Iowa Citv, la 
Secretan Dr Lawrence R Boies, Uni\ ersity Hospitals, Minneapolis 14, 
Minn 

Place Fairmont Hotel San Francisco Calif, Ma , \ 17 IS 195S 
Place The Homestead, Hot Springs \a 1959 

AMERICAN OTORHINOLOGIC SOCIETY FOR THE ADVANCEMENT 
OF PLASTIC AND RECONSTRUCTIVE SURGERY 

President Dr Joseph Gilbert 111 E 61st SL, New York, N Y 
Vice-President Dr Kenneth Hlnderer, 402 Medical Arts Bldg, Pitts 
burgh, Pa. 

Secretary Dr Louis Joel Felt, 66 Park Ave., New York 16, N Y 
Treasurer Dr Arnold L Caron 36 Pleasant St, Worchester, Mass 


AMERICAN RHINOLOGIC SOCIETY 

President Dr Russell I V illiams 408 Hynds Bldg Chevenne Wvo 

Secretary Dr Robert M Hansen 1735 No Wheeler Ave , Portland, Ore 

Annual Clinical Session Illinois Masonic Hospital Chicago, Ill October 
1958 

Annual Meeting October 195S Chicago Ill (Definite time and place to 
be announced later) 


AMERICAN SOCIETY OF FACIAL PLASTIC SURGERY 

President Dr Irvin J Fine 606 New Brunswick Ave Perth Amboy 
N J 

JSecretaiy Dr Samuel M Bloom 123 East 83rd SL, New York 28, N Y 
Meeting Columbus Ohio March 7 8, 1958 


AMERICAN SOCIETY OF OPHTHALMOLOGIC AND 
OTOLARYNGOLOGIC ALLERGY 

President Dr Joseph W Hampsev, Grant Bldg Pittsburgh 19 Pa 
Secretarv Treasurer Dr Daniel S DeStio 121 S Highland Ave Pitts 
burgh 6 Pa 

Annual Meeting Palmer House Chicago, Ill October 16 17 195S 

ASSOCIACAO MED1CA DO INSTITUTO PENIDO BURNIER— 

CAMPINAS 


President Dr Lech Junior 
First Secretary Dr Franco do Amaral 
Second Secretary Dr J M. Queiroz Abreu 
Librarian Treasurer Dr Souza Queiroz 

Editors for the Archives of the Society Dr Guedes de Melo Filho Dr 
Antonio de Almeida and Dr Gabriel POrto 
Meetings Twice every month first and third Thursdav 8 30 PM 


ASOCIACION DE OTORRINOLARINGOLOGIA 
Y BRONCOESOFAGOLOGIA DE GUATEMALA 

Presidente Dr Julio Quevedo, 15 Calle Oriente No 5 
First Vlce-Presidente Dr Hector Cruz 3a Avenida Sur No 72 
Second Vice-Presidente Dr Job€ Luis Escamilla 5a Calle Poniente 
No 48 

Secretario-Tesorero Dr Horace Polanco 13 Calle Poniente No 9 D 
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DIRECTORY OF OTOLARYNGOLOGIC SOCIETIES 

(Secretaries of the various societies are requested to keep this 
Information up to date) 


AMERICAN ACADEMY OF OPHTHALMOLOGY AND 
OTOLARYNGOLOGY 

President Dr Erling W Hansen, 90 So Ninth St, Minneapolis, Minn 
Executive Secietarj Dr William L Benedict, Majo Clinic, Rochester 
Minn 

Meeting Palmer House, Chicago Ill 


AMERICAN BOARD OF OTOLARYNGOLOGY 

Meeting Palmei House, Chicago, Ill 


AMERICAN BRONCHO ESOPHAGOLOGICAL ASSOCIATION 

Piesident Dr Walter Hoo\er 605 Commonwealth Bldg Boston, Mass 
Vice President Dr Walter P Work, 384 Post St, San Francisco, Calif 
Secretary Dr F Johnson Putne> 1719 RIttenhouse Square, Phlladel 
phia, Pa. 

Treasurer Dr Verling K Hart 106 W 7th St, Charlotte N C 
Meeting Mark Hopkins Hotel San Francisco Calif, Ma> 21 23, 1958 


AMERICAN LARYNGOLOGICAL ASSOCIATION 

President Dr Harr> P Schenk 326 S 19th St, Philadelphia 3, Pa 

Secretary Dr James H Maxwell, Universit} Hospital Ann Arbor, Mich 

Place Fairmont Hotel San Francisco Calif , May 19 20, 1958 


AMERICAN LARYNGOLOGICAL, RHINOLOGICAL AND OTOLOGICAL 

SOCIETY, INC 

President Dr Laurence R Boies, University Hospital, Minneapolis 14, 
Minn 

Secretary Dr C Stewart Nash, 700 Medical Arts Bldg, Rochester 7, 
N Y 

Place Mark Hopkins Hotel, San Francisco, Calif, Maj 21 23, 195S 
Place The Homstead Hot Springs Va, March, 1959 

AMERICAN MEDICAL ASSOCIATION, 

SECTION ON LARYNGOLOGY, OTOLOGY AND RHINOLOGY 

Chairman Dr Gordon D Hoople Syracuse, N Y 
Vice-Chairman Dr Kenneth L Craft, Indianapolis, Ind 
Secretary Dr Hugh A Kuhn, Hammond Ind 

Representative to Scientific Exhibit Walter Heck, M.D , San Francisco, 
Calif. 

Section Delegate Gordon Harkness, M D , Davenport, Iowa 
Alternate Delegate Dean Lierle, M D Iowa City, Iowa. 
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AMERICAN OTOLOGICAL SOCIETY, INC 

President Dr Dean M Lierle, State Unl\ersit\ of Iowa, Iowa Cit> la 
Secretarv Dr Lawrence R Boies Unh ersity Hospitals, Minneapolis 14, 
Minn 

Place Fairmont Hotel San Francisco Calif Ma\ 1718, 195S 
Place The Homestead Hot Springs Ya 1959 

AMERICAN OTORHINOLOGIC SOCIETY FOR THE ADVANCEMENT 
OF PLASTIC AND RECONSTRUCTIVE SURGERY 

President Dr Joseph Gilbert, 111 E 61st St, New York, N Y 
Vice-President Dr Kenneth Hinderer, 402 Medical Arts Bldg, Pitts 
burgh, Pa, 

Secretarv Dr Louis Joel Felt, 66 Park Ave*, New York 16, N Y 

Treasurer Dr Arnold L Caron, 36 Pleasant SL Worchester Mass 


AMERICAN RHINOLOGIC SOCIETY 

President Dr Russell I Williams 40S H\nds Bldg, Che\enne Wvo 
Secretarv Dr Robert M Hansen 1735 No Wheeler Ave Portland Ore 
Annual Clinical Session Illinois Masonic Hospital Chicago, Ill, October, 
195S 

Annual Meeting October 195S Chicago Ill (Definite time and place to 
be announced later) 


AMERICAN SOCIETY OF FACIAL PLASTIC SURGERY 

President Dr Irvin J Fine 506 New Brunswick Ave, Perth Amboy, 
N J 

^Secretary Dr Samuel M Bloom, 123 East 83rd St, New York 28 N Y 
Meeting Columbus Ohio, March 7-S, 1958 


AMERICAN SOCIETY OF OPHTHALMOLOGIC AND 
OTOLARYNGOLOGIC ALLERGY 

President Dr Joseph W Hampsey Grant Bldg, Pittsburgh 19 Pa 
Secretary Treasurer Dr Daniel S DeStio, 121 S Highland A^ve Pitts 
burgh 6 Pa 

Annual Meeting Palmer House, Chicago Ill October 16 17, 1958 


ASSOCIACAO MEDICA DO INSTITUTO PENIDO BURNIER— 

CAMPINAS 


President Dr Lech Junior 
First Secretary Dr Franco do Amaral 
Second Secretary Dr J M Queiroz Abreu 
Librarian Treasurer Dr Souza Queiroz 

Editors for the Archives of the Society Dr Guedes de Melo Filho Dr 
Antonio de Almeida and Dr Gabriel P6rto 
Meetings Twice every month first and third Thursday 8 30 PM 

ASOCIACION DE OTORRINOLARINGOLOGIA 
Y BRONCOESOFAGOLOGIA DE GUATEMALA 

Presidente Dr Julio Quevedo 15 Calle Oriente No 5 
First Vice-Presidente Dr HSctor Cruz, 3a Avenida Sur No 72 
Second Vice-Presidente Dr JosS Luis Escamilla, 5a Calle Foniente 
No 48 

Secretario-Tesorero Dr Horace Polanco 13 Calle Poniente No 9 D 
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DIRECTORY OF OTOLARYNGOLOGIC SOCIETIES 

(Secretaries of the various societies are requested to keep this 
information up to date) 


AMERICAN ACADEMY OF OPHTHALMOLOGY AND 
OTOLARYNGOLOGY 

Piesident Dr Erling W Hansen 90 So Ninth St, Minneapolis, Minn 
Executlve Secretary Dr William L Benedict Ma\o Clinic, Rochester, 
Minn 

Meeting Palmer House, Chicago III 


AMERICAN BOARD OF OTOLARYNGOLOGY 

Meeting Palmer House, Chicago, Ill 


AMERICAN BRONCHO ESOPHAGOLOGICAL ASSOCIATION 

President Di Walter Hoo%ei 005 Commonwealth Bldg Boston, Mass 
Vice President Dr Walter P Work 3S4 Post SL, San Francisco, Cal)f 
Secretary Dr F Johnson Putne\ 1719 Rittenhouse Square, Phlladel 
phia, Pa. 

Treasurer Dr Yerling K Hart 106 W 7th St, Charlotte, N C 
Meeting Mark Hopkins Hotel San Francisco, Calif , Maj 21 23, 1958 


AMERICAN LARYNGOLOGICAL ASSOCIATION 

President Dr Haro P Schenk 326 S 19th St, Philadelphia 3 Pa 

Secretary Dr James H Maxwell Unhersity Hospital Ann Arbor, Mich 

Place Fairmont Hotel, San Francisco Calif , Ma> 19 20, 195S 


AMERICAN LARYNGOLOGICAL, RHINOLOGICAL AND OTOLOGICAL 

SOCIETY, INC 

President Dr Lawrence R Boies, Unhersitj Hospital, Minneapolis 14, 
Minn 

Secretary Dr C Stewart Nash, 700 Medical Arts Bldg, Rochester 7, 
N \ 

Place Mark Hopkins Hotel, San Francisco Calif, 2123, 1958 

Place The Homstead, Hot Springs Vo., March, 1959 

AMERICAN MEDICAL ASSOCIATION, 

SECTION ON LARYNGOLOGY, OTOLOGY AND RHINOLOGY 

Chairman Dr Gordon D Hoople, Syracuse, N Y 
Vice-Chairman Dr Kenneth L Craft, Indianapolis, Ind 
Secretary Dr Hugh A. Kuhn, Hammond Ind 

Representative to Scientific Exhibit Walter Heck, M D , San Francisco, 
Calif 

Section Delegate Gordon Harkness, M D , Davenport, Iowa 
Alternate Delegate Dean Llerle M D , Iowa City, Iowa. 
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FEDERACION ARGENTINA, 

DE SOCIEDADES DE OTORRINOLARINGOLOGIA 

Secretan of the Interior Prof Dr Atilio Viale del Carril 
Secretaij of Exterior Dr Aldo G Remorlno 
Secretar> Treasury Prof Dr Antonio Carraacosa 
Pro Secretan of the Interior Prof Dr Carlos P Mercandino 
Pro Secretary of the Exterior Prof Dr Jaime A. del Sel 

Pro Secretary of the Treasury Dr Jorge Zubizarreta. 


FIRST CENTRAL AMERICAN CONGRESS OF 
OTORHINOLARYNGOLOGY 

President Dr Victor M Noubleau, San Saiavador 

Secretary Treasurer Dr Hector R. SIl\a Calle Arce No S4, San Salva 
dor, El Sahador, Central America 


FLORIDA SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr Chas C Grace 145 King SL St Augustine, Fla 
President Elect Dr Jos W Taylor, 706 Franklin SL Tampa Fla 
Secretary Treasurer Dr Carls McLemore 1217KuhlA^e Orlando, Fla. 


FOURTH LATIN AMERICAN CONGRESS OF 
OTORINOLARINGOLOGIA 

President Dr Dario 

Secretary 

Meeting 


GREATER MIAMI EYE, EAR, NOSE AND THROAT SOCIETY 

President Dr W illiam B Steinman 
President Elect Dr James H. Mendel Jr 
Secretary Treasurer Dr H Carlton Howard 

Meeting quartern (March May October and December) on the second 
Thursday of the month 6 30 P M at Ernies Hotel Miami 


INTERNATIONAL BRONCHOESOPHAGOLOGICAL SOCIETY 

President Dr Theodor Hunermann, Dusseldorf, Germany 
Secretary Dr Chevalier L Jackson, 3401 N Broad St, Philadephia 40 
Pa., USA. 

Meeting Sixth International Congress of Bronchoesophagology, Phlla 
delphia. 


KANSAS CITY SOCIETY OF OTOLARYNGOLOGY 
AND OPHTHALMOLOGY 

President Dr Clarence H Steele 
President Elect Dr Dick H. Underwood 

Secretary Dr James T Robison 4620 J C Nichols Parkway, Kansas 
City, Mo 

Meeting Third Thursday of November, January, February and April 
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ASOCIACION DE OTO RINO LARlNGOLOGiA DE BARCELONA, SPAIN 

Presldente Dr J Abello 

Vice Presldente Dr Luis Sufie Medan 

Secretario Dr Jorge Perell6, 319 Pro\enza, Barcelona 

Vice Secretario Di A Plnart 

Vocal Dr J M Ferrando 


BALTIMORE NOSE AND THROAT SOCIETY 

Chairman Dr Walter E Loch, 1039 No Calvert St, Baltimore, Maryland 
Secretai y Ti easurer Dr Theodore A Schwartz 

BUENOS AIRES CLUB OTOLARINGOLOGICO 

Presldente Dr IC Segre 
Vice-Pi esidente Dr A P Belou 
Secretario Dr S A Aranz 
Pro Secretario Dr J M Tato 
Tesoiero Di F Games 
Pro Tesorero Dr J A Bello 

CANADIAN OTOLARYNGOLOGICAL SOCIETY 
SOCIETE CANADIENNE D'OTOLARYNGOLOGIE 

President Dr Robert T Hajes 42 Cobourg St, St John, N B 
Secietan Di Donald M McRae, 324 Spring Gaiden Rd Halifax, N S 
Meeting Nova Scotian Hotel, Halifax, N S , June 9 11, 195S 

CENTRAL ILLINOIS SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr G C Otrich Belleville, 111 

President Elect Dr Phil R McGrath, Peoria, Ill 

Secretary Treasurer Dr Alfred G Schultz, Jacksonville, Ill 


CHICAGO LARYNGOLOGICAL AND OTOLOGICAL SOCIETY 

President Dr Stanton A Friedberg 122 So Michigan A\e, Chicago 3, 
Ill 

Vice-President Dr Maurice Snitman, 408 So 5th Ave, Maywood, Ill 
Secretary Treasurer Dr Fletcher Austin, 700 No Michigan Ave, Chi 
cago 11 Ill 

Meeting First Monday of each Month, October through May 


CHILEAN SOCIETY OF OTOLARYNGOLOGY 

President Dr Enrique Gninvald S 
Vice-President Dr Agustin Estartus 
Secretary Dr Marcos Chaimovlch S 
Treasurer Dr Benjamin Kapkan K 
Director Dr Alberto Basterrica A 

DALLAS ACADEMY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr Ludwig A Michael, 3707 Gaston Ave , Dallas, Tex 
Vice-President Dr Hal W Maxwell 

Secretary Treasurer Dr Edward A Newell, 1511 No Beckley, Dallas 8, 
Tex 
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NORTH OF ENGLAND OTOLARYNGOLOGICAL SOCIETY 

President Mr G L Thompson, 16 Ramshill Road, Scarborough York- 
sWre 

Vice-President Mr J H Otty, Frizley Old Hall, Frizinghall Road, 
Bradford, Yorkshire 

Secretary and Treasurer Mr R Thomas, 27 High Petergate, York, 
Yorkshire 


OTOSCLEROSIS STUDY GROUP 

President Dr Joseph A Sullivan, 174 SL George St, Toronto 5, Canada 
Secretary Treasurer Dr Arthur L. Juers, 611 Brown Bldg, Louisville, 
Ky 

Meeting Palmer House, Chicago, Ill 


PACIFIC COAST OTO OPHTHALMOLOGICAL SOCIETY 

President EL Leroy Gosb, M D, 620 Cobb Bldg, Seattle 1, Washington 
Secretary Treasurer Homer E Smith, MD 508 East South Temple 
Salt Lake City, Utah. 

Meeting 


PAN AMERICAN ASSOCIATION OF OTO RHINO-LARYNGOLOGY 
AND BRONCHO ESOPHAGOLOGY 

President Dr Jose Gros Havana, Cuba 

Executive Secretary Dr Chevalier L Jackson, 3401 N Broad St Phila 
delphia 40, Pa., USA. 

Meeting Sixth Pan American Congress of Oto-Rhino-Laryngology and 
Broncho-EBophagology 
Time and Place Brazil, 1958 


PHILADELPHIA LARYNGOLOGICAL SOCIETY 

President Dr Chevalier L. Jackson 

Vice-President Dr John J O'Keefe 
Treasurer Dr Joseph P Atkins 

Secretary Dr Louis E Silcox. 

Historian Dr Herman B Cohen 

Executive Committee Dr Harry P Schenck, Dr , Benjamin H ShUBter, 
Dr William A. Lell, Dr , William J Hitschler 


PORTUGUESE OTORHINOLARYNGOLICAL SOCIETY 
President Dr Albert Luis de Mendonca. 

Secretary Dr Antonio da Costa Quinta, Avenida, de Liberdale 66, l e 
Lisbon 


PUGET SOUND ACADEMY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr Clifton E Benson, Bremerton, Wash. 

President Elect Dr Carl D F Jensen Seattle Wash 
Secretary Dr Willard F Goff, 1215 Fourth Ave, Seattle, Wash. 
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LOS ANGELES SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 


President Dr Sol Rome 
Secretary Treasurer Dr Max E Pohlman 
Chairman of Ophthalmology Section Dr Richard Kratz 

Secretary of Ophthalmology Section Dr Carrall A McCoy 

Chairman of Otolaryngology Section. Dr Howard G Gottachalk 

Secretary of Otolaryngology Section Dr Robert W Godwin 

Place Los Angeles County Medical Association Bldg, 1925 Wllshire 
Bird , Los Angeles, Calif 

Time 6 30 P M last Monday of each month from September to June, 
inclusive—Otolaryngology Section 6 30, first Thursday of each month 
from September to June, inclusive—Ophthalmology Section 


LOUISIANA MISSISSIPPI OPHTHALMOLOGICAL 
AND OTOLARYNGOLOGICAL SOCIETY 

President Dr H K Rouse 1300 27th Ave, Gulfport, Miss 
Vice President Dr A. J McComiskey, 3420 Prytonia St, New Orleans, La. 
Secretary Dr Edley H Jones, 1301 Washington St, Vicksburg, Miss 
Meeting 

MEMPHIS SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

Chairman Members serve as chairmen in alphabetical order monthly 
Secretary Treasurer Dr Roland H Myers, 1720 Exchange Bldg, Mem 
phis, Term 

Assistant Secretary Treasurer Dr William F Murrah, Jr, Exchange 
Bldg, Memphis Tenn 

Meeting Second Tuesday in each month at 8 00 p m at Memphis E>e 
Nose and Throat Hospital 


MEXICAN ASSOCIATION OF PLASTIC SURGEONS 

President Dr Cesar LaBoide, Mexico, D F 
Vice-President Dr M Gonzales Ulloa, Mexico, D F 
Secretary Dr Juan De Dios Peza Mexico D F 


MISSISSIPPI VALLEY MEDICAL SOCIETY 

President Dr Arthur S Bristow, Princeton, Mo 

Secretary Treasurer Dr Harold Swanberg, Quincy, Ill 

Assistant Secretary Treasurer Dr Jacob E ReiBch Springfield, Ill 

NETHERLANDS SOCIETY OF OTORHINOLARYNGOLOGY 
(Nederlandsche Keel Neus Oorheelkundlge Vereeniglng ) 

President Dr H Navis Sonsbeekweg 6 Arnhem 

Secretary Dr W PL Struben, J J Viottastraat 1 Amsterdam 

Treasurer Mrs F Velleman Pinto Jac Obrechtstr 66 Amsterdam 

NORTH CAROLINA EYE, EAR, NOSE AND THROAT SOCIETY 

President Dr J C Peele, Kinston Clinic, Kinston N ^ 

Vice-President Dr George E Bradord, Winston Salem N C 
Secretary-Treasurer Dr J D Stratton, 1012 KingB Drive, Charlotte 7 
N C 
Ueeting 
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SOCIEDAD DE OTO RINO LARINGOLOGIA, 
COLEGIO MEDIO DE EL SALVADOR, SAN SALVADOR, C A 

President Dr Salvador MIxco Pinto 
Secretary Dr Daniel Alfredo Alfaro 
Treasurer Dr Antonio Pineda M 


SOCIEDAD ESPANOLA DE OTORRINOLARINGOLOGIA 

Presidente Dr D Adolfo Hinojar Pons 
VIce-Presidente Dr D Jose Perez Mateos 
Secretario General Dr D Francisco Mara££s 
Tesorero Dr D Ernesto Alonso Ferrer 


SOCIEDAD MEXICANA DE OTORRINOLARINGOLOGIA 
Havre 7—Desp 62 
Mexico 6, D F 

Honorar\ President Dr Ricardo Tapia v Fernandez 
President Dr Maximo Garcia Castaneda 
Secretary Dr Eduardo de la Parra. 

Treasurer Dr Guillermo P£rez Yillasante 
Vocal Dr Rafael Pacchiano 


SOCIEDAD NACIONAL DE CIRUGIA OF CUBA 

Presidente Dr Reinaldo de Villers 

Vice-Presidente Dr C6sar Cabrera Calderln 

Secretario Dr Jos6 Xirau 

Tesorero Dr Alfredo M Petit 

Vocal Dr Jos6 Gross 

Vocal Dr Pedro Hernfindez Gonzalo 


SOCIEDAD OTO RINO-LARINGOLOGIA DE LOS 
HOSPITALES DE MADRID 

Presidente Dr Don Fernando Beltrdn Castillo 
Secretario General Dr Don Alfonso Vassallo de Mumbert 
Tesorero Dr Don Rafael Garcia Tapia. 


SOCIEDAD VENEZOLANA DE OTORRINOLARINGOLOGIA 

Presidente Dr Alfredo Cells P4rez 
Vice-Presidente Dr Bustamante Miranda. 

Secretario General Dr Jesus Miralles 
Tesorero Dr M Matheus 

Vocales Dr Perez Velasquez and Dr Wilmer Palacios 

SOCIEDADE DE OFTALMOLOGIA E OTORRINOLARINGOLOGIA DO 
RIO GRANDE DO SUL 

President Dr Paulo Fernando Esteves 
Vice-President Dr Javme Schilling 
First Secretary Dr Carlos Buede 
Second Secretary Dr MolzSa Sabani 
First Treasurer Dr Israel Schennan. 

Second Treasurer Dr Rivad&via C Meyer 
Librarian Dr Carlos M. Carrion 
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RESEARCH STUDY CLUB OF LOS ANGELES, INC 

Chairman Dr Orrie E Christ, 210 N Central Ave, Glendale, Calif 
Treasurer Dr Norman Jesberg, 500 So Lucas Ave , Los Angeles 17, Calif 
Otolaryngolog} Dr Russell H Decker, 65 N Madison Ave , Pasadena 
1 Calif 

Ophthalmology Dr Warren A Wilson, 1930 Wllshire Blv<L, Los An 
geles 57, Calif 

Mid Winter Clinical Convention annuallj, the last two weeks In January 
at Los Angeles Calif 

SECTION OF OTOLARYNGOLOGY OF THE MEDICAL SOCIETY 
OF THE DISTRICT OF COLUMBIA 

Chairman Dr J L Levine 
Vice Chairman Dr Russell Page 
Secretary Dr James J McFarland 
Treasurer Dr Edward M O’Brien 

Meetings are held the second Tuesday of September, November, January 
March and May at 6 30 P M 
Place Army and Navy Club, Washington, D C 


SCOTTISH OTOLARYNGOLOGICAL SOCIETY 

President E A M Connal l Royal Crescent, Glasgow C 3, Scotland 
Secretary Treasuier Dr J F Birrell 14 Moray Place, Edinburgh 

Assistant Secretary Dr H D Brown Kell}, 11 Sandyford Place, Glas 

gow 


SOCIEDAD COLUMBIANA DE OFTALMOLOGIA Y 
OTORRINOLARINGOLOGIA (BOGOTA, COLUMBIA) 

President© Dr Alfonso Tribin P 
Secretario Dr Felix E Lozano 
Tesorero Dr Mario Arenas A 


SOCIEDAD CUBANA DE OTO LARINGOLOGIA 

President Dr Reinaldo de Villiers 
Vice-President Dr Jorge de C&rdenas 
Secretary Dr Pablo Hernandez 


SOCIEDAD DE ESTUDIOS CLINICOS DE LA HABANA 

President© Dr Frank Canosa Lorenzo 
Vice-Presidente Dr Julio Sanguily 
Secretario Dr Juan Portuondo de Castro 
TeBorero Dr LuIb Ortega Verdes 

SOCIEDAD DE OTORRINOLARINGOLOGI A / 
BRONCOESOFAGOSCOPIA DE CORDOBA 

Presidente Dr Aldo Remorino 
Vice-Presidente Dr Luis E Olsen 
Secretario Dr Eugenio Romero Diaz 
Tesorero Dr Juan Manuel Pradales 

VocaleB Dr Osvaldo Su&rez, Dr Nondier Asia R., Dr Jorge Bergallo 
Yotre 
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NOTICE TO CONTRIBUTORS 


The Laryngoscope xeserves the right of exclusive publication 
of all articles submitted This does not pieclude their publication 
in Transactions of various Societies 

Manuscripts should be typewritten, double spaced, on one side 
of paper only and with sufficient maigins to allow for corrections 

Author’s name and city should appear directly under title on 
fust page, street address at end of article 

All punts or photogiaphs to be submitted in black and white, 
m good sharp contrast Good halftones depend upon clear photo¬ 
graphs Line drawings foi zincs to be in black and white Colored 
inks or led or blue quadrille rulings will not reproduce 

Refeiences should be complete author’s surname, initials, 
title of article, Journal, volume, page, month, year 

Six illustrations will be furnished for each article without cost 
to author Authors will please limit illustrations to six or assume 
the expense of additional illustrations 

Proofs will be submitted to authors for corrections If these 
are not returned, articles will be published as corrected in this 
office 

Repnnts will be furnished at the following prices 


WITHOUT COVER 



250 

Copies 

500 

Copies 


1 2000 
| Copies 

Four Pages 

? 19 25 

$ 23 00 

$ 30 75 

$ 44 50 

Eight Pages 

33 50 

42 75 

58 50 

S3 00 

Twelve Pages 

47 00 

60 75 

86.25 

131 50 

Sixteen Pages 

61 00 

7S 75 

98 75 

146 75 

Twenty Pag*es 

76 00 

96 25 

129 50 

187 25 

Twenty four Pages 

SS 75 

112 50 

150 00 

217 25 

Twenty-eight Pages 

97 50 

123 25 

162 25 

233 50 

Thirty two Pages 

115 00 

139 75 

ISO 00 

267 00 


WITH COVER 


Four Pages 

$ 37.25 

$ 46 50 

$ 63L50 


Eight Pages 

5L50 

66 25 

89.25 

127 25 

Twelve Pages 

65 00 

84 25 

117 00 

175 75 

Sixteen Pages 

79 00 

102 25 

129 60 

191 00 

Twenty Pages 

94 00 

119 75 

160 25 

231 50 

Twenty four Pages 

106 75 

136 00 

180 75 

261 50 

Twenty-eight Pages 1 

115 50 

146 75 

193 00 

! 277 75 

Thirty two Pages 

133 00 

163.25 

, 210 76 

311.25 


Express charges will be paid by consignee 
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SOCIEDAD PANAMENA DE OTORRINOLARINGOLOGIA 

Presidente Dr Manuel Preciado 

First Vice Presidente Dr Alonso Roy 

Second Vice Presidente Dr Carlos Arango Carbone 

Secretario Dr Marla Esther Villalaz 

Tesorero Dr Ram6n Crespo 

SOCIEDADE PORTUGUESA DE OTORRI NOLARI NGOLOGI A 

E DE 

BRONCO ESOFAGOLOGIA 

Presidente Dr Alberto Luis De Mendonca 
Vice Presidente Dr Jaime de Magalhaes 

1 ° Secretario Dr Antonio da Costa Quinta. 

2 ° Secretario Dr Albano Coelho 

Tesoureiro Dr Jose Antonio de Campos Henriques 
Vogais Dr Teofilo Esquivel 

Dr Antonio Cancela de Amorim 
Sede Avenida da Liberdade, 65, 1°, Lisboa 

SOCIETY OF MILITARY OTOLARYNGOLOGISTS 

President Capt William C Livingnod, USN (MC) 

Secretary Treasurer Lt Col Sanlej H Bear, M.C, 3810th USAF Hos 
pital, Maxwell AFB, Alabama 
Meeting Palmer House, Chicago, Ill 

SOUTH CAROLINA SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr James H Gressette, Orangeburg, S C 
Vice President Dr Robert P Jeanes Easley, S C 
Secretary Treasurer Dr Roderick Macdonald, 333 East Main St, Rock 
Hill, S Car 
Meeting 


SOUTHERN MEDICAL ASSOCIATION, 

SECTION ON OPHTHALMOLOGY AND OTOLARYNGOLOGY 

Chairman Dr V Eugene Holcombe, Charleston W Va 
Chairman Elect Dr G Slaughter FitZrHugh, Charlottesville Va 
Vice-Chairman Dr George M Haik New Orleans, La 
Secretary Dr Mercer G Lynch, New Orleans, La. 

VIRGINIA SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr Benjamin Sheppard 301 Medical Arts Building, Rich 
mond, Virginia 

President Elect Dr Emanuel U Wallerstein, Professional Building, 
Richmond Virginia 

Vice-President Dr Calvin T Burton, Medical Arts Building, Roanoke 
Virginia 

Secretary Treasurer Dr Maynard P Smith, 600 Professional Building, 
Richmond, Virginia 
Meeting 


WEST VIRGINIA ACADEMY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr James K. Stewart, Wheeling W Va 
Secretary-Treasurer Dr Frederick C Reel, Charleston W Va. 

Annual Meeting Greenbrier, White Sulphur Springs, W Va May 31st 
through June 1st 
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THE 

LARYNGOSCOPE. 


VOL LXVIII FEBRUARY, 1958 No 2 


FIXATION OF FRACTURES IN THE MIDDLE THIRD 
OF THE FACE, WITH KIRSCHNER WIRES 

Herbert H Harris, M D , 

Houston, Tex 

Theie is an evei mci easing numbei of fiactuies about the 
body as a lesult of violence, most of which aie caused b\ 
traffic accidents Many of these aie about the head and face, 
and not mfiequently of the middle thud Though fiactuies 
in the middle thud of the face maj be the only 01 principal 
injury, they do occui with othei fractuies, such as the man¬ 
dible 01 long bones of the body, and many times with seveie 
skull oi biam mjuiy 

Yv' hen fiactuies of the middle third of the face do occui 
with othei mjuiies the pictuie is moie complicated, and the 
othei mjuiies may be of primary concern It is because of 
these seveie mjuiies that facial fiactuies may eithei go un¬ 
noticed oi ignoied until late, enough so at times to make 
then pumaiy l eduction impossible 

Theie aie many things w'hich must be taken into consideia- 
tion befoie a fiactuie in the middle thud of the face is le- 
duced Seveie oi cutical injury elsewheie may pi event the 
eaily i eduction of these fiactures, in fact, unless I can get 
them lathei eaily, foui oi five oi even ten days’ delay seems 
to make little diffeience m the l eduction, and with the use of 
antibiotics infection is no longei a hazaid Even at the end 

•Head before the Section on Otolai^ ngolog\ Sectional Meeting: of the 
American College of Surgeons Feb 6 1957 New Orleans La 

fFrom the Department of Otolaryngology Bavlor Uni\ erslty College of 
Medicine 

Kditor s Note This manuscript recei\ ed In The Laryngoscope Office and 
accepted for publication Noy 15 1957 
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THE INSTITUTIONS OFFERING EIGHT-NINE MONTHS’ 
COURSE IN BASIC SCIENCE IN OTOLARYNGOLOGY 

LEADING TO 

CERTIFICATION AND HIGHER DEGREES* 


COLLEGE OF MEDICAL EVANGELISTS 

Graduate School of Medicine 
Boyle and Michigan Avenue 
Los Angeles 33, California 


HARVARD MEDICAL SCHOOL 

25 Shattock Street 
Boston 15, Massachusetts 
at Harvard Medical School and 
Manchester Eye and Ear Infirmary 


NORTHWESTERN UNIVERSITY SCHOOL OF MEDICINE 

Evanston, Illinois 


UNIVERSITY OF ILLINOIS COLLEGE OF MEDICINE 

1853 West Polk Street 
Chicago 12, Illinois 


UNIVERSITY OF PENNSYLVANIA 

Graduate School of Medicine 
36th and Pine Streets 
Philadelphia, Pennsylvania 


WASHINGTON UNIVERSITY SCHOOL OF MEDICINE 

Euclid Avenue and KIngshighway 
St Louis 10, Missouri 


TULANE MEDICAL SCHOOL 

1430 Tulane Avenue 
New Orleans 12, Louisiana 
at Tulane Medical School and 
Eye, Ear, Nose and Throat Hospital 


NEW YORK UNIVERSITY 

Bellevue Medical Center 
Post-Graduate Medical School 
477 First Avenue 
New York 16, New York 

Basic Sciences In Otolaryngology 
September through June 


♦Out subscribers are asked to send us information on other institutions 
giving such courses 
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about the lacnmal bone and the lacrimal duct may cause 
teanng of the eve 

The diagnosis of facial fractuies is usuallv not difficult 
foi one who is familial with the landmarks Tactile sense 
of the tiamed index and middle fingers can always elicit 
deformity legaldless of the swelling, unless infection has 
taken place and the tissues ha\e become brawny As men¬ 
tioned befoie, palpation of the nasal bones, the mfiaorbital 
ndge, the malai eminence of the zjgomatic bones and the oc¬ 
clusion of the teeth are the points which, if in then pioper 
position, almost alwa\s means eithei no fiacture 01 displace¬ 
ment of the fiactuied bones 

Theie aie many positions for taking X-iay to determine 
the extent and location of fractures m this aiea, but due to 
the thinness of some of the bones and shadows cast by over¬ 
hung bone I have ne\ei been satisfied with flat plates 
Usually, and I might say alwavs, a good steieo m the Waters 
position studied thoioughlv will gne not onlv a cleai picture 
of the natuie and extent, but also will tell one the direction of 
the foice which caused the fractuie This is alwavs \erv im¬ 
portant to me, as a foice foi traction m the opposite direction 
to that causing the mjuiy must be exerted to 1 educe the 
fiactuie 

Theie aie many methods of reducing fractuies of the 
zygoma, as theie aie manv methods used to fix othei frac¬ 
tuies I do not believe that one can use anv one method foi 
all facial fractuies any moie than one method only can be 
used foi fixing fractuies of long bones Open reduction and 
wiling of the fragments lias its ad\antages as well as its 
disadxantages Packing a sinus to reduce a fractuie of the 
mfiaorbital ndge and antenoi wall of a sinus, when the 
zygomatic bone has been fiactuied and pushed into the sinus, 
is not alwavs enough to insure good lesults The use of the 
Iurschnei wne as a method of fixation is not the method I 
use m every case, but I do beliexe that it is the simplest and 
the most satisfactory when combined with othei methods if 
necessary 

The Kirschnei wire (see Fig la) much like the Stemman 
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of foui weeks I have been able to 1 educe some of these fiac- 
tuies, foi they heal by scai tissue, and at this time one can 
1 educe them with some difficulty, mobilize the fiagments 
foi bettei alignment, but when theie aie small comminuted 
aieas it is most difficult to leplace these small fiagments 

The pnmaiy objective when a patient has these, combined 
with othei seveie mjunes, is to pieseive the life of the 
patient, since m themselves these fiactuies aie laielv senous 
Shock, seveie biam damage, chest and abdominal mjunes 
must be tieated fust Hemonhage fiom the bioken blood 
vessels along the line of fiactuie is one complication which 
must be contioiled eaily, legaldless of the seventy of mjunes 
elsewheie Most bleeding can be conti oiled by packing the 
nose when such fiactuies extend thiough the nasal cavities, al¬ 
though othei means must be lesorted to when necessaiy 

Airway obstiuction may follow some seveie mjunes and a 
tiacheotomy should be done without hesitation When laceia- 
tions of the face do occui in combination with these fiactuies 
they should be meticulously lepaued eaily, even if it is im¬ 
possible to 1 educe the fiactuies at the same time If the 
fiactuie is to be leduced within the fust 24 houis, I lecom- 
mend that the fiactuie be leduced fust and the laceiation 
lepaued last, foi sometimes in manipulation, the laceiated 
aieas may be sepaiated, and a good cosmetic lesult cannot be 
obtained 

Theie aie seveial anatomical landmaiks which must be 
kept m mind as a guide to obtain the best lesult, the nasal 
bones, the mfiaoibital ndge, the malai eminence of the 
zygomatic bone and the occlusion of the teeth Of couise, 
all of these may not be involved m eveiy fiactuie, but they 
all must be lestoied to the ongmal position if good function 
and good cosmetic lesults aie obtained Even though the 
alveolai ndge with the uppei teeth may not be involved 
fiactuies of the zygoma, the mfiaoibital ndge and the flooi 
of the oibit may allow the eye to dip so that diplopia develops 
and even tnsmus due to the impingement of the coionoid 
piocess on the zygoma Fiactuies of the nasal bones, with 
displacement, may cause nasal obstiuction and fiactuies 
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pm but smaller comes m three sizes, 062, 045, and 035 of 
an mch, is made of stainless steel and can be drilled into the 
bone oi thiough the bone without first making an opening 
Ipsen 3 described the use of the Knschnei wne m fixing 
fractuies of the mandible in 1933 Bi own, et al , 3 3 reported 
its use fust in 1951 foi fiactuies in the middle third of the 
face There is one important point to lemember in using the 
wire. If a dull especially made foi the Kirschnei wne is not 
a\ailable, anv hollow shaft drill can be used, but onlv about 
one-and-one-half to two inches of the wire should be allowed 
to extend bejond the end of the chuck (see Fig lb) Allow¬ 
ing such a small amount of the wire to extend bevond the 
chuck pre\ents wobbling of the wne, and the dnection of 
the drilled wne is moie accuiate In most facial fiactuies 
I have found the 062 oi the heaw Kirschnei wne to be the 
most satisfactory size 

Though fractuies mai, occui with much comminution, 
there aie seveial which I behe\e rather completelv tvpifv 
most of these fractures of the middle third of the face Piob- 
ablv the most common injury is that to the nose and the 
frontal processes of the maxilla I shall not take tins up in 
my discussion except msofai as it is i elated to otliei fractuies 
m this region 

Though no two fiactuies are alike, most aie similai m that 
they mav be classified into six general types 

1 Simple zygomatic fractures 

2 Z\ gomatic fractures with comminution of the infra¬ 
orbital ridge and anterior wall of the smus 

3 Transverse fractuies of the maxillae or LeFort I 

4 Pvramidal fractures of the maxillae or LeFort II 

5 Cranio-facial fractures of LeFort III 

6 Combination of some of the above with comminutions 

Simple zvgomatic fiactures not mfrequentlv mav be re¬ 
duced with the bone hook or some othei device such as a 
towel clip, though occasionally I ha\e been unable to reduce 
the fiactuie without enteung the maxillary sinus when theie 
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Fig- la Ordinar\ bone diill bone book and the three sizes of Klrsclinei 
w Ires 

Fig lb Onlj about 1^> to 2 Inches of the wire are allowed to remain 
between the bone and the chuck of the drill to preeMit wobbling 

Fig lc Fracture lines in simple zjgoniatic fracture 

Fig Id Shows the position of the bone hook to reduce a epical zygo¬ 
matic fracture and the direction of the Klrschner w ire into the othei 
side 
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Fig 2a T\ pical depression o\er the cheek area In simple z\ gomatic 
fracture 

Fig 2b Tj pical fracture lines Note the reduced size of the maxillarj 
sinus due to the depressed 2 \goma. 

Fig: 2c. Reduced fracture fixed with a KIrschner wire bv fixing- across 
to opposite zygoma. 

Fig 2d Right zygoma shows t\ pical fracture lines with comminution 
of the infraorbital margin and anterior maxlllar' wall through the 
zj gomatlc arch and the frontal-sphenoid suture line area. Left z} goma 
shows tA pical fracture lines of the simple zygomatic fracture 
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seemed to be impaction of the fiagments I have not found 
it necessaiy to make an incision above the aich The fractuie 
lines m a simple zygomatic fiactuie (see Fig lc) usually 
occui m 01 neai the sutuie line of the fionto-sphenoidal 
piocess with the conespondmg bones, neai the sutuie line in 
the zygomatic aich and thiough the antenoi wall of the 
maxillaiy thiough the mfiaoibital foiamen downwaid and 
lateially thiough the thm lateial wall of the maxilla 

A laige peicentage of these simple fiactuies when 1 educed 
will lemam in good position without fixation This depends 
matenally on how much comminution theie is at the fiactuie 
line If the zygomatic bone does not lemam m good position, 
it can be held m place with the bone hook and a 062 Kusch- 
nei wne dulled through the body of the fiactuied zygoma 
into the medial maxillaiy wall acioss the nose, thiough the 
medial wall and into the lateial wall of the opposite maxillary 
just below the body of the zygoma (see Fig Id) Foimeily, 
I tiled to dull the wne thiough to the opposite body of the 
zygoma, but this is not necessaiy as it does keep the wne 
away fiom the opposite oibit and the mfiaoibital neive 1 
have nevei seen an accident occui with the wne, but I am 
suie it would be possible foi the wne to be deflected into 
the opposite oibit if one weie not veiy caieful when tiymg 
to fix the wne into the opposite body of the zygoma Passing 
thiough these seveial stiuctuies, the medial wall of both 
maxillary sinuses, the nasal septum and into the lateial wall 
of the opposite sinus, usually give sufficient suppoit of the 
wne If a satisfactory leduction and fixation is not accom¬ 
plished at fust the wne may be withdiawn In difficult 
cases I have dulled it acioss to the opposite side as many as 
thiee or foui times befoie getting a satisfactoiy position I 
have nevei seen any untowaid lesults as it punctuies the 
tuibmate and is withdiawn Theie may be some bleeding 
winch stops veiy quickly A case of simple fiactuie of the 
zygoma is heiewith lllustiated (see Figs 2a, 2b, 2c and 2d) 

Comminuted fractuies of the mfiaorbital maigm and the 
antenoi wall of the maxillaiy sinus, combined with a depies- 
sion of the zygomatic bone into the sinus, poses a slightly 
gieatei pioblem m obtaining good lesults (see Figs 2d, 3a 
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Fig 4a T\pical lines of fracture trans\ erse pj ramidal and cranio¬ 
facial from below upward Front a lew 

Fig 4b Same Side \Iew 

Fig 4c Fracture lines trans\erse fracture of maxillae 
Fig 4d Fracture lines p's ramidal fracture of maxillae 
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and 3b) Entenng the maxillaiy tluough the canine fossa 
legion and making a countei opening into the infeiioi meatus 
foi the puipose of lemovmg the gauze packing is usually 
necessary I pack the sinus with one-half inch gauze mipieg- 
nated with auieomycm ointment and leplace and mold the 
comminuted fiagments back into place, and sutuie the wound, 
bunging the gauze out of the opening m the infeiioi meatus 



Fig 3a Tjpical appearance of the face in a fracture of the zjpoma 
w ith comminution of the anterior wall of the sinus and the infroarbltal 
margin 

Fig 3b X-raj findings of the same patient show ing the comminutions 
when stereo was ^ewed 


The body of the zygoma, which usually is not comminuted, 
may be held in place as m a simple zygomatic fiacture, pass¬ 
ing the wue acioss the gauze filled cavity Of couise, the 
gauze must be left m as long as the wne, which I find is 
usually 18 to 21 days 

I wish now to take up the gioup of fiactuies known as the 
LeFoit I, II and III, oi the tiansveise, pyianndal and eiamo- 
facial featuies (see Figs 4a, 4b,) These have one factoi 
in common The maxillae containing the teeth is fiactuied 
fiom the skull at diffeient levels The teeth, theiefoie, do 
not occlude noimally oi piopeily Though the maxillae aie 
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Fig 5a Fracture lines in cranio-facial fracture 

Fig 5b Fracture lines in trans^rse and pyramidal fractures from 

below upward 

Fig 5c. Pj ramidal fracture of maxillae using Klrschner ^ Ires for cross 

wiring and direct fixation Into opposite goma Fracture splints on teeth 

Fig 5d P\ ramldal fracture with w ires withdrawn from opposite 

zjgoma Into maxillary sinus so that traction can be applied to head cap 
Fracture splints on teeth. 
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usually fiactuied downwaid and backwaid, occasionally the 
maxillae aie pushed backwaid and upwaid 

The tians\eise fiactuie occuis just above the alveolai 
maigm so that the teeth, if they aie piesent, aie contained 
m the lowei fiagment (see Fig 4c) In my expenence these 
aie less common than the pyiamidal, but likely occui when 
dentuies aie worn and the blow occuis ovei the dentuies, 
causing a sheaung mjuiv 

Pyiamidal fiactuies occui a little highei up on the maxillae 
involving the nasal bones, the antenoi wall of the maxillae 
and the mfiaoibital ndges, the flooi of the oibit and the 
antenoi and lateial wall of the maxillae, usually at diffeient 
levels on each side (see Fig 4d) 

The ciamo-facial fiactuie is at a still highei level thiough 
the ethmoid labynnth into the postenoi paid; of the mfenoi 
oibital fissuie, neai the sutuie line between the fionto- 
sphenoidal piocess with the conesponding bones and thiough 
the zygomatic aich (see Fig 5a) To secuie and maintain 
piopei occlusion of the teeth is one main objective If no 
teeth aie piesent occlusion is not so important, but main¬ 
taining good position of the fiagments is essential It must 
be lemembeied that a good cosmetic lesult can be obtained 
without pei feet occlusion of the teeth, but good function 
lequnes peifect occlusion 

In all of these fiactuies the an way may be of concern and 
a tiacheotomy may be necessaiv immediately, oi may be 
necessaiy when fiactuie splints oi aich bais aie applied to 
the teeth and the nose packed to i educe a fiactuie 

Tiansveise and pyiamidal fiactuies (see Fig 5b) may be 
tieated by cioss wiling the lowei fiagment into the body of 
the opposite zygoma, especially if no teeth aie piesent (see 
Fig 5c) In pyiamidal fiactuies, if most of the teeth aie le- 
maming and the nose fiactuied, I do a tiacheotomy, then apply 
the fiactuie splints to the teeth and leduce the fiactuie and 
tiy to get good occlusion by cioss wiling the lowei fiagment 
into the body of the zygoma, then finally and lastly i educe the 
nasal f i actui e In most cases I have found that the lowei fi ag- 
ment is stable, but the occlusion is not peifect and I lesort to 
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Fig 5a Fracture lines in cranio-faclal fracture 

Fig 5b Fracture lines In transverse and pj ramldal fractures from 
below upward 

Fig 5c Fj ramldal fracture of maxillae using Kirschner wires for cross 
wiring and direct fixation into opposite zjgoma Fracture splints on teeth 

Fig 5d Pjramidal fracture with w ires withdrawn from opposite 
zygoma into maxlllarj sinus so that traction can be applied to head cap 
Fracture splints on teeth 
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the head cap and ti action with mbbei bands aftei these wnes 
have been withdiawn fiom the body of the zygoma (see Fig 
5d) The ti action is usually foiwaid and upwaid as is shown 
m Fig 6a Sometimes when the fiagment is pushed upwaid 
ti action must be applied downwaid and foiwaid Though 
flat plate X-iays show the fiactuie lines (see Fig 6b) a steieo 
m the Wateis position gives much moie detail The nasal 



Fig- Ga Pyramidal fiacture w ith forward and upward pull of lower 
fragment 

Fig 6b X-ra\ \ lew Waters position showing tjplcnl p-v ramidal 
fracture 


bones, when badly comminuted, should not be l educed until 
the maxillae aie m good position, and then may be moulded 
into position a few days later if a good position is not secuied 
at fust I have found it veiy difficult to use one pm across 
the lowei fragment, as not infrequently it will be deflected into 
the fractuie line of the opposite side and no ti action can be 
obtained on that side 

Management of the ciamo-facial oi LeFoit III type of fiac¬ 
tuie can be handled very much the same way as the tiansveise 
and pyiamidal fiactuie, except that dnect fixation cannot be 
done satisfactory, due to the fact theie is no adequately stiong 
stiuctuie into which the wne may be secuied It is then 
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usually necessaiy, if open 1 eduction is not done, to use the 
tiaction method, as well as fiactiue splints to the teeth 

The use of head caps is certainly not the most satisfactory 
method of applung tiaction, but I have found none bettei 
Braiding the hail and then appljmg one of the “spiay nets” 
to stiffen the hail helps some In my expenence the mobile 
type of fixation with tiaction is worth the effort, because 
all of these patients get a good occlusion 

CONCLUSIONS 

1 Use of the Knschnei wne foi dnect fixation of fiactuies 
of the middle tlind of the face has been found to be very 
satisfactory 

2 Less time is lequned to fix fiactuies by this method 
than by open i eduction 

3 Use of the Knschnei wne to which tiaction can be 
applied is most satisfactory and theie is minimum scan mg 
at the entiance tlnough the skin 

U The use of two Knschnei wmes ciossmg into the body 
of each zygoma has been found moie satisfactory than trying 
to cioss dnectly fiom one zygoma to the othei in fixation 
of pyiamidal fractuies and gives the added factoi that the 
point can be wnthdiawm into each maxillary and tiaction 
applied with a head cap, if the i eduction has not been satis¬ 
factory 

5 Wheie fiactuie splints to the teeth must be applied and 
the nose packed foi l eduction of an accompanying fraetuie, 
tiacheotomy is advisable, piefeiably through a tiansveise 
incision 

6 No accidents oi infections have been encounteied thus 
fai m my cases 
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ELECTROMYOGRAPHIC STUDY ON RESPIRATORY 
MOVEMENTS OF THE INTRINSIC 
LARYNGEAL MUSCLES "t 

Fumio Nakamura, M D , 

Yutaka Uyeda, M D , 

Yutaka Sonoda, M D , 

Kyoto, Japan 

It is well known that the laivnx is employed in numeious 
ways, and that numeious factois aie involved in its neuro¬ 
genic conti ols The behavioi of the mtunsic laryngeal mus¬ 
cles undei vanous functions must be dependent upon the 
cential mechanism, of which, howevei, little is known If 
the centeis causing the laryngeal movements weie diffeient 
it is piobable that a diffeient pattern of activity would take 
place This study vas undertaken to diffeientiate the motoi 
pattern displayed m the laiyngeal muscles undei vanous 
actions by lecoidmg the dischaige of the individual motoi 
unit 

In the piesent expei iments only the lespnatory activity is 
consideied The lespnatoiy movements of the vocal colds 
m man weie investigated by Piessman, 10 by lecoidmg a slow 
motion pictui e He showed that basically the glottis widened 
dui mg mspnation and nan owed dunng expnation These 
movements aie so slight m certain peisons dunng quiet 
lespnation as to be almost impel ceptible, while, m dyspneic 
bieathmg, they mciease m evcuision so that the lateial move¬ 
ment of the colds dunng mspnation becomes piogiessively 
widei as mspnation becomes deepei and moie foiceful By 
lecoidmg the smoked dium tiacmgs, Negus 9 showed that the 
widening of the glottis pieceded a contraction of the dia- 
phiagm, and nairowmg occuned just befoie the beginning of 

♦This paper was read before the International Voice Conference at Chi¬ 
cago Ill Mat 20-22 1957 

tFrom the Department of Otolarvugolog\ Kioto Prefectural Medical 
Colledge K\ oto Japan 

Editors Vote This manuscript received In The Laryngoscope Office and 
accepted for publication August 8 1957 
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expnation Recently an investigation on impulse activity 
of the lecunent neive and electiomj'-ogiaphic lecoidmg of 
activity m the mtimsic laiyngeal muscles was leported by 
Gieen and Neil, 8 showing that the abductoi muscles filed 
dui mg mspnation, while the adductois showed an activity 
duimg expnation, and that the inflation of the lungs abolished 
the activity m the abductoi and excited the dischaige m the 
adductors 

As these muscles weie lelatively inaccessible to the electio- 
myogiaphic examination m a human subject, it was decided 
to exploie the movements which take place m anesthetized 
expei imental animals 


METHOD 

Dogs weie used tlnoughout the expeiiments, anesthetized 
with mtiavenous sodium pentobaibitone, about 30 mg/kg 
body weight The neck was opened at the mid-line, and the 
larynx was exposed, caiefully avoiding injury to neives and 
blood vessels Access to the muscles was obtained by dnect 
visual conti ols Sometimes the tiachea was cut at the lowei 
maigm of the larynx, m such cases the animals no longei 
bieathed tlnough the larynx In oidei to pioduce dyspnea, 
animals weie connected to a lebieathmg bag, allowing them 
to lebieathe a limited volume of oxygen and to accumulate 
carbon dioxide 

Electiomyogiaphic lecoidmg was made by inserting a con- 
centiic needle electiode The needle electiode led to a cathode 
lay oscillogiaph and loud speakei via a lesistance capacity 
coupled amplifiei The action potentials weie lecoided by 
using a magnetic type oscillogiaph on a sheet of moving 
bromide papei on which the pneumogiaph was lecoided 
simultaneously 

As the needle electrode of this type is not sufficiently 
selective to give information on the pattern of a single motor 
dischaige, special care was taken to avoid an interming¬ 
ling of the activities of othei adjacent units, because, if more 
than three or four units weie active it would be difficult to 
mteipiet the electucal records 
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RESULTS 

The electucal activity in five intiinsic laryngeal muscles 
was examined The tlmo-arytenoid, cnco-arytenoid lateralis 
and intei arytenoid aie the adductoi muscles which cause ap- 
pioximation of the vocal coids with consequent nan owing 
of the glottis The cuco-thyroid is believed to legulate the 
length 01 tension m the coids, and to complete the degree of 
adduction On the othei hand, the cnco-arytenoid posterior 
abducts the arytenoid cartilage and widens the glottis 

When the needle electiode was inserted into the muscle, 
it vas found that the adductoi s, except the thin o-arytenoid, 
which lemained quiet tluoughout the whole lespuatory cycle, 
showed activity dui mg expnation, while the abductoi was 
active dunng mspnation The featuies of motoi neuion dis- 
chaige which were lecoided fiom the mtnnsic laryngeal 
muscles dunng respnation, weie similai to those descnbed 
by Adnn and Bionk, 2 Bionk and Feiguson, 3 and Gesell, Magee 
and Bnckei 0 " foi the phienic and mtei costal neuions, that 
is, dunng quiet breathing only a fraction of the motoi units 
was active, and the activity m most of these consisted of a 
short tiam of impulses The records exhibiting a chaiactei- 
lstic pattern aie lllustiated heiewith(see Fig 1) Dischaige 
fiequencies of a single unit opeiatmg pliasically weie between 
five and 50 impulses/sec In the adductoi s the frequency 
of impulses was the gieatest at the start of expnation and 
giadually diopped away as expiration pioceeded, and ceased 
at the end of expnation On the othei hand, m the abductor 
muscles the fiequency was low at the start of mspnation and 
lose gradually as mspnation pioceeded, i e , the intervals be¬ 
tween successive impulses became piogiessively shortei Its 
mcieasing late of dischaige leached a peak at the end of 
inspiration, wheie the firing abruptly ceased at or before 
expiration 

Although the majority of the motoi units filed phasically, 
some units (see Fig 2) showed a continuous tram of im¬ 
pulses whose fiequency rose and fell with the respnatory 
cycle, as if the steady continuous fiequency was modulated 
by the rhythm of breathing These units fired continuously 
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expnation Recently an investigation on impulse activity 
of the lecunent neive and electiomvogiaphic lecoidmg of 
activity m the mtunsic laiyngeal muscles was reported by 
Gieen and Neil, 8 showing that the abductoi muscles filed 
duung mspnation, while the adductois showed an activity 
duung expnation, and that the inflation of the lungs abolished 
the activity in the abductoi and excited the dischaige m the 
adductois 

As these muscles weie lelatively inaccessible to the electio- 
myogiaphic examination m a human subject, it was decided 
to exploie the movements which take place m anesthetized 
expei imental animals 


METHOD 

Dogs weie used tlnoughout the expeiiments, anesthetized 
with mtiavenous sodium pentobaibitone, about 30 mg/kg 
body weight The neck was opened at the mid-line, and the 
laiynx was exposed, caiefully avoiding injury to neives and 
blood vessels Access to the muscles was obtained by dnect 
visual conti ols Sometimes the ti achea was cut at the low er 
margin of the larynx, m such cases the animals no longei 
bieathed thiough the larynx In oidei to pioduce dyspnea, 
animals w r eie connected to a lebieatlnng bag, allowing them 
to lebieathe a limited volume of oxygen and to accumulate 
caibon dioxide 

Electiomyogiaphic lecoidmg was made by inserting a con¬ 
centric needle electrode The needle electiode led to a cathode 
lay oscillogiaph and loud speakei via a resistance capacity 
coupled amplifier The action potentials weie lecoided by 
using a magnetic type oscillogiaph on a sheet of moving 
biomide papei on winch the pneumogiaph was lecoided 
simultaneously 

As the needle electiode of this type is not sufficiently 
selective to give information on the pattern of a single motoi 
dischaige, special caie was taken to avoid an interming¬ 
ling of the activities of othei adjacent units, because, if moie 
than tlnee 01 foui units weie active it wmuld be difficult to 
mterpiet the electrical lecords 



NAKAMURA, ET AL RESPIRATORY MOVEMENTS 


113 



, Fig 2 Continuous^ discharging- unit recorded from the adductors (A) 
«) a . nd adductor (C) These units fired continuously throughout in¬ 

spiration and expiration but In adductors Increasing In rate during ex¬ 
piration and In abductor Increasing in rate during inspiration upper 
line is pneumogram upwards movement indicating inspiration Lower 
line Is graph of impulse frequency 
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thioughout mspnation and expnation the abductoi mci eas¬ 
ing m fiequency duimg mspnation, while the adductois m- 
cieased m late duimg expnation Many of the continuously 
dischaigmg units filed at lathei slow late, namely, they 
mci eased then fiequency fiom the lange of 5-10 impulses/sec 
duimg lest, to the lange of 10-20 impulses/sec duimg con- 



Fig: 1 Electrom} ogram recorded from crlco-ar> tenoidcus laterals (A) 
and crlco-arytenoideus posterior (B) The adductor shows decelerating: 
activity, while the abductor exhibits a characteristic accelerating- pattern 
Lower line is graph of impulse frequenc} 


tiaction, howevei, sometimes a consideiably high late was 
obseived, 50-60 impulses/sec (see Fig 2-B) 

It may be assumed that functionally the motoi units m 
laryngeal muscles fall into two gioups The membeis of the 
fust group perfoim a phasic contiaction duimg lespnation 
and those of the second gioup serve to maintain the muscle 
tone undeilymg the phasic movements 

When lespiration was stimulated by causing animals to 
lebieathe a limited volume of an the fiequency of dischaige 
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Fig 4 Electrom\ ogrram recorded from crIco-th\ roldeus (A) continu¬ 
ously discharging unit of crlco-thy roldeus (B) and of crico-ar! tenoldeua 
posterior (C) shoeing the effects of anesthesia on respirator! actHit! 
The Impulse frequenc\ decreased and Inter! als of each successhe im¬ 
pulse become more or less at random Lpper line pneumogram (expira¬ 
tion down) 


fibeis dischaigmg impulses deci eased so that the numbei 
filing m a tiam became fewei The pattern of dischaige 
lost its chaiactenstic nature, and mteivals of each impulse 
became moie oi less at landom 

In oi dei to eliminate the influence of an cunent on the 
muscle movements, the tiachea was sectioned at the lowei 
end of the larynx No appieciable change m activity was 
observed, even when an was artificially blown into oi sucked 
thiough the larynx asynchi onously with the lespnatory 
rhythm When dyspnea was pioduced, an mciease in activity 
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Fig- 3 Electrom} ogram recorded from crico-arj tenoideus lateralis (A) 
crico-ar> tenoldeus posterior (B) and continuously firing unit in crlco- 
thyroldeus (C) during dj spnea The frequency of firing increased and 
other unit discharging impulses were recruited Upper line Is pneumogram 
(expiration down) and low^er line is graph of impulse frequenc> 


and the tiam of impulses mci eased, and additional motoi 
units which dischaige impulses, weie added 01 leciuited 
(see Fig 3) Continuously firing units also mci eased in then 
fiequency as lespnatory movements became more violent 

Effects of anesthesia aie illustiated in Fig 4 In such a 
case the frequency of impulses and the numbei of active 
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Fig 4 Electrons ogram recorded from crico-tM roldeus (A) continu¬ 
ously discharging unit of cr!co-th\ roldeus (B) and of crico-arytenoideus 
posterior (C) showing the effects of anesthesia on respirators actUit\ 
The impulse frequency decreased and internals of each successUe im¬ 
pulse become more or less at random Epper line pneumogram (expira¬ 
tion down) 


fibeis discharging impulses deci eased so that the numbei 
filing in a tiain became fewei The pattern of dischaige 
lost its chaiactenstic natuie, and mteivals of each impulse 
became moie oi less at landom 

In oi del to eliminate the influence of an cunent on the 
muscle movements, the tiachea was sectioned at the lower 
end of the larynx No appreciable change in activity was 
observed, even when an was artificially blown into oi sucked 
thiough the larynx asynchionously with the respnatory 
lhythm When dyspnea was pioduced, an mciease m activity 
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and a continuousH dischnrEinr un^ 'n? plinslcallj operating; unit (A) 
Diminishing and abolishing nf Arrows indicate Inflation 

line is pneumogram S of actl ' 1U nf ‘er Inflation is obUous Upper 


mvanably took place, legaldless of an an flow tluough the 
aiynx It seemed that the laryngeal lespuatory movements 
weie not affected by local sensory information evoked by 
the ±01 ce of an current 

, ^^tion of phasic activity m adductoi muscles caused 
y inflation of lungs, leported by Gieen and Neil, 8 was also 

A° . nr^nn see 5-B shows the effect of m- 

P continuously discharging units Aftei stiong 

tiam ° f impulses during inspiration 
became abolished, but, during expiration they fned as usual 
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DISCUSSION 

The fiung pattern m the adductoi muscles of the larvnx 
Mould be regarded, according to Gesell and otlieis, as a lapid- 
ly augmenting type characteristic of the intrinsic expnatory 
muscles, and that of the abductors as a slowly augmenting 
type characteristic of the genuine inspnatory muscles In 
lespiratorv activity the laryngeal muscles’ 1 espouse is similai 
to that of the intrinsic lespuatory muscles m anesthesia, 
dyspnea, and the leflex evoked by stietch leceptors m the 
lungs It might, therefoie, he concluded that during respira¬ 
tion the motor neuiones innervating the larvngeal muscles 
aie influenced by the lespnatorv centeis m a mannei similai 
to those of the genuine lespnatorv muscles 

The inti msic laryngeal muscles exhibit a basic tonic activ¬ 
ity, as suggested bv Jackson and Jackson 12 The periodic 
widening and nanowmg of the glottis is superimposed upon 
this undeilying muscle tone The tonic activity m lespnatorv 
muscles is said to ha\e a significant lole m maintenance of 
postuie, particulailv against the foice of gravity, but, as m 
the larynx, the force of giavity acting on the cords might be 
so slight and negligible that it would not be unreasonable to 
suppose that movements of the coids would take place aiound 
the mid-position which might be determined bv the balance 
between these tetanic conti actions m a larger 01 smaller 
portion of motor units m the antagonistic muscles 

The problem, as discussed by Andrews' 13 on the lespuatory 
displacement of the larynx, “How is the balance maintained’” 
has not yet been explained satisfactorily The continued 
activity of the laryngeal muscles dunng respnation aftei the 
detachment of the trachea and the gieat increase in activity 
when djspnea was produced, indicate that the position or 
movements of the cords are not passively determined by the 
force of an cunent thiough the glottis chink 

It is said that the laryngeal muscles, as well as the muscles 
of the tongue, face and middle eai do not contain muscle 
spindles 11 Fernand and Young 5 have classed the recurrent 
laryngeal nerve in rabbits as ummodal, containing few oi no 
piopioceptive fibeis Campbell and Murtagh,* reporting the 
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® Effect of Inflation of lungs upon a plmslcallj operating - unit (A) 
Inuouslj d scliarging unit (B) Arrows indicate inflation 
IJimlnlshlng and abolishing of ncti\it\ after inflation is ob\ious Upper 
line is pneumogram 


mvanably took place, legaldless of an an flow thiough the 
larynx It seemed that the laryngeal lespuatory movements 
weie not affected by local sensoiy information evoked by 
the foice of an cunent 

The abolition of phasic activity m adductoi muscles caused 
by inflation of lungs, leported by Gieen and Neil, 8 was also 
conflimed (see Fig 5-A) Fig 5-B shows the effect of in¬ 
flation upon continuously dischaigmg units Aftei stiong 
inflation a continuous tiam of impulses duung mspnation 
became abolished, but, duimg expnation they filed as usual 
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DISCUSSION 

The filing pattern m the adductoi muscles of the larynx 
would be legaided, accoidmgto Gesell and otheis, as a lapid- 
ly augmenting type charactenstic of the mtimsic expnatory 
muscles, and that of the abductois as a slowly augmenting 
type chaiactenstic of the genuine mspnatory muscles In 
lespnatory activity the laryngeal muscles’ lesponse is similai 
to that of the intrinsic lespnatoiv muscles m anesthesia, 
dyspnea, and the leflex evoked by stietch leceptors in the 
lungs It might, therefoie, he concluded that during lespua- 
tion the motoi neuiones innervating the laivngeal muscles 
aie influenced by the lespnatoiy centers m a mannei similai 
to those of the genuine lespnatory muscles 

The mtnnsic laiyngeal muscles exhibit a basic tonic activ¬ 
ity, as suggested by Jackson and Jackson 12 The pei iodic 
widening and nan owing of the glottis is superimposed upon 
this undeilying muscle tone The tonic activity m lespnatory 
muscles is said to have a significant lole m maintenance of 
postuie, particulaily against the foice of gravity, but, as m 
the larynx, the foice of giavity acting on the coids might be 
so slight and negligible that it would not be umeasonable to 
suppose that movements of the coi ds v ould take place around 
the mid-position which might be determined by the balance 
between these tetanic conti actions in a laigei 01 smallei 
portion of motoi units in the antagonistic muscles 

The pioblem, as discussed by Andiews 13 on the lespnatory 
displacement of the larynx, “How is the balance maintained 
has not yet been explained satisfactoi lly The continued 
activity of the laryngeal muscles dui mg lespnation aftei the 
detachment of the tiachea and the great increase in activity 
when dyspnea was pioduced, indicate that the position or 
movements of the coids aie not passively determined by the 
foice of ail cunent thiough the glottis chink 

It is said that the laiyngeal muscles, as well as the muscles 
of the tongue, face and middle eai do not contain muscle 
spindles 11 Fernand and Young 5 have classed the lecuirent 
laiyngeal nerve m labbits as ummodal, containing few oi no 
pi opioceptive fibeis Campbell and Murtagh, 4 lepoiting the 
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Diminishing nnd abolishing r jSf ,, ?J t <?> Arrows Indicate inflation 
line is pneumogram K f actl ' !t> afte r Inflation is obvious Upper 


mvanably took place, legaldless of an an flow tlnough the 
aiynx seemed that the laiyngeal lespnatory movements 
weie not affected by local sensory information evoked by 
the foice of an cuilent 

The abolition °f phasic activity in adductoi muscles caused 
by inflation of lungs, reported by Gieen and Neil,* was also 
conflimed (see Fig 5-A) Fig 5-B shows the effect of in¬ 
flation upon continuously discharging units Aftei stiong 

0f impulses dui mg mspnation 
became abolished, but, during expnation they fned as usual 
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DISCUSSION 

The filing pattern m the adductoi muscles of the larvnx 
would be regalded, accoiding to Gesell and others, as a lapid- 
ly augmenting type chaiactenstic of the mtiinsic expnatorv 
muscles, and that of the abductois as a slowly augmenting 
type charactei istic of the genuine mspnatory muscles In 
lespnatorv activity the laivngeal muscles’ lesponse is similai 
to that of the intrinsic lespnatorv muscles m anesthesia, 
dyspnea, and the leflex evoked bv stietch leceptois in the 
lungs It might, theiefoie, he concluded that duiing lespira- 
tion the motoi neuiones innervating the laryngeal muscles 
aie influenced bv the respnatorv centers in a mannei similai 
to those of the genuine lespnatorv muscles 

The intrinsic laivngeal muscles exhibit a basic tonic activ¬ 
ity, as suggested bv Jackson and Jackson 15 The periodic 
widening and nan owing of the glottis is superimposed upon 
this undeilvmg muscle tone The tonic activity m lespnatorv 
muscles is said to have a significant lole m maintenance of 
postuie, paiticulaily against the foice of gravity, but, as m 
the larynx, the foice of giavity acting on the coids might be 
so slight and negligible that it would not be unreasonable to 
suppose that movements of the cords would take place aiound 
the mid-position wdnch might be determined bv the balance 
between these tetanic contractions m a laigei 01 smallei 
portion of motoi units m the antagonistic muscles 

The pioblem, as discussed by Andiews 13 on the lespnatory 
displacement of the larynx, “How r is the balance maintained 9 ” 
has not yet been explained satisfactoi lly The continued 
activity of the laryngeal muscles duimg lespnation aftei the 
detachment of the tiachea and the gieat mciease m activity 
wdien dyspnea was pioduced, indicate that the position 01 
movements of the coids aie not passively determined by the 
foice of ail cunent thiough the glottis chink 

It is said that the laryngeal muscles, as well as the muscles 
of the tongue, face and middle eai do not contain muscle 
spindles 11 Fernand and Young 5 have classed the lecurrent 
laryngeal nerve in labbits as unimodal, containing few oi no 
pi opioceptive fibeis Campbell and Murtagh,'* leportmg the 
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spectia m the human, goat, and cat Inivngeal neives, i outlied 
tin* same conclusion II is logical to umsidoi that tho laivn- 
geal mu,silos aio coni)oiled by «r elfoient alone A tentative 
explanation would bo that the position 01 movements of tin* 
vocal 101 ds dm up* lespnation may bo solely detei mined 
cent)ally without leleienee to local sonsoiv feed-back Lack 
m .sense ol position ol tin* eoids in human beings, and Negus’ 
obseivation that the cycle ol lespnatoiy movements of the 
(dot I is slightly pi oceded the genuine lespuatoiv cvcl(>, giving 
an impiession that eonstiution oi dilation had abcady been 
pi opined boloi'o the mi idence of ail flow, may suppoit this 
point of view 

liegaiding the useful lesults ol lesjniatoiy movements of 
the glottis, then* is no doubt that the ('fleet of widening at the 
glottis dunk at oi just befoie inspiiation is a i eduction of 
lesistance to an ml low ol ail On the othei hand, the eflect 
of the eonstiiction, beginning puoi to expnntion and continu¬ 
ing tlnough it, is suggested by l'lessman’" to have a signifi¬ 
cance upon the phenomenon of an mixing within the lungs 
It is widely known that lespnation is shallow and somewhat 
niegulai m case ol a lai yngectonu/ed patient This might 
piolmbly be due to the hull ol lesistance oi, m othei winds, 
appiopnate "load” to an outflow of an It might be safe to 
say that the laivngcal muscles, as well as the muscles of the 
wings of tlu' nates and bionchi, should be called "the legula- 
Loi v muscles ol the lespuatoiv passage,” which solve to 
legulate the section of the lespnnloiv passage, i educing the 
lesistance to inspned an, and giving it the appiopnate load 
to keep lespnation deep and legulai 

SUM M Ain 

The electiical activity in live mtimsic laivngcal muscles of 
the dog dining lespnation was examined with elccliomyo- 
giaplnc lecoidings The abductoi was active dining amplia¬ 
tion, while the adductois showed activity dining expuation, 
except the thvioaiytenoideus, which lemnmed quiet tlnough- 
out the lospnatoiy cycle 

The pattoin of activity in the laivngcal muscles showed 
a close similanty to that of mtimsic lespbatoiy muscles 
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No change m activity’ after the detachment of the trachea 
indicates that lespuatory movements of the glottis may be 
contioiled centiallv without lefeience to a local sensory in¬ 
formation Effects of lespnatory movements upon lespna- 
tion weie discussed 
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The photoelecti ic nvstagmogiaph piesented m this papei 
is similai m its pimciple of opeiation to the instiument de- 
scubed pieviously by Toiok, Guillemin, and Bamothy 1 The 
equipment descubed heie is, liowevei, much lighter and moie 
compact, and mcoipoiates seveial impiovements that lesult m 
gieatei leliability and m simplei, quickei and moie con¬ 
venient lecoidmg of njstagmic eye motions 

The entile optical and photoelecti ic system of the new in¬ 
stiument is mounted upon a headband and goggle fiame 
fitted to the patient Recoi dings may be made with the 
patient m any position, seated, in bed 01 on a 1 evolving chan 
Piepaiation of the patient foi a lecoidmg may be accom¬ 
plished m a minute 01 two so that the whole piocess of making 
a lecoid, eithei by thermic stimulation 01 by means of the 
lotatmg chan, lequnes little moie time than the usual clinical 
pioceduie of visual obseivation of nystagmus 

The advantages of giaphical lecoidmg aie obvious A 
giapnical lecoid shows many details that aie not obtainable 
by dnect obseivation, and an analysis of the giaph piovides 
data on the duiation, fiequency, change of fiequency, ampli¬ 
tude and foim of the nystagmus, that aie valuable both in 
clinical piactice and m vestibulai leseaich 23 

Most of the lecoi dings of nystagmus make use of the 
comeo-ietmal potential diffeience picked up by electiodes 
placed at various positions m the immediate vicinity of the 

♦Presented before the Sixth International Congress of Otolarj ngolog} 
Washington D C Mtii 5-10 1957 

tDepaitment of Phi siologi UnHersitj of Illinois College of Medicine 

t Department of Otolam ngolog^ Uni^ersltj of Illinois College of Medi¬ 
cine 

Editors Note This manusciipt receded in The Lar't ngoscope Office and 
accepted for publication September 10 1967 
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eye The usefulness of this method is cleaily demonstiated 
m the lecent woik of Aschan et al *, who obtained very re¬ 
liable and instructive nystagmogiaphs in senal clinical in¬ 
vestigations We cannot agiee, however, with the statement 
of these autliois that the photoelectric method has been super¬ 
seded by the method of potential pick-up On the contrary, 
oui expeilence in the laboiatory and in the clinic shows that 
oui photoelectric method gi\es excellent lecoids and is most 
practicable in terms of convenience and economv of time le- 
quned to obtain a recoid 

As previously described, the instrument makes use of the 
diffeience m reflection of mfiaied light from the daik ms 



A B 

Fig 1 


and the light scleia of the eye A focused beam of infiaied 
light forms an illuminated area on the eyeball approximately 
1 mm wide by 16 mm long, so situated that it lies partly on 
the ms and partly on the scleia as shown m Fig 1-A Tins 
position is appropriate foi the observation of horizontal nv- 
stagmus To lecoid veitical motions, the light beam is onent- 
ed as shown m Fig 1-B The light beam is fixed relative to 
the patient’s head, thei efoi e, any motion of the eyeball will 
vary the portion of the beam stnking the sclera Since the 
scleia has a lughei reflectivity foi infiaied, as compaied to 
the ins, the total amount of light reflected fiom the eyeball 
will change with every movement of the eve This leflected 
light falls upon a photocell, located close to the eyeball, and 
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is conveited to conespondmg changes of electncal potential 
that aie electionically amplified and lecoided 

Fig 2 shows a schematic diagiam of the complete optical 
and electionic equipment ananged foi lecoidmg nystagmus 
on the 1 evolving chan The same equipment is used when 
theimic stimulation is employed, except that the connections 
through lotatmg slip lings and stationary biuches aie un¬ 
necessary 

Immediately m fiont of the eye, which is illuminated as 
descnbed, aie a pan of photocells These aie Bell laboiatory 



L — 1 Br inbet 

Slip Ring* 


Fig- 2 


photovoltaic cells (sun battenes) in the foim of small flat 
lectangulai plates, 5 mm by 20 mm They aie connected 
electucally m series so that then output is additive, that is, 
they function as a single cell 

The light souice is a special piojection lamp having a 
single stiaight filament that acts directly as a souice of 
illumination A shoit focus piojection lense focuses an 
image of this filament upon the eyeball A glass mfiaied 
filter is interposed in the light beam to absoib the visible 
light of the lamp This prevents visual stimulation of the 
eye during the recording of nystagmus The filter is mount¬ 
ed m a sliding holder so that it may be moved out of the 
path of the beam for visual focusing and positioning of the 
image on the eyeball 

A 20 -diopter lense is mounted dnectly befoie the opposite 







GUILLEMIN, JR &. TOROK N\ STAGMOGRAPH1 


123 


eye to be used foi visual observation when desned, in the 
mannei of the Fienzel glass A small electiic lamp, located 
behind this lense, gets its cuilent supply fiom a portable 
drv cell batten' This lamp is well shielded and opeiates at 
low intensity, just sufficient to peimit visual observation of 
the eye m a daikened loom 

All the parts descnbed thus fai, with the exception of the 
dry cell batten, aie mounted on a headband and goggle fiame 
fitted to the patient’s head 

Electrical connections from the photocells on the 1 evolving 
chan to the stationaiv electionic amplifiei aie made via the 
usual slip lings, 1 evolving with the chan, and stationaiy 
blushes beanng on these lings Two similai connections 
are used foi the electiic cui lent supplv of the pibjection 
lamp This is piovided by a well-filteied low-voltage dnect 
cui rent souice that is opeiated on the 115 volt, 60 cvcle 
powei lines It is essential to opeiate the piojection lamp 
on steady dnect cui lent, since the photoelectric system is 
fast enough to lespond to the 120 cvcle pei second light in¬ 
tensity fluctuations of a lamp opeiatmg on alternating cui- 
lent This dnect current souice is controlled by a switch 
having a “low” intensity position, used while focusing the 
beam on the eye, and a “high” position used when the mfia- 
led filtei is moved into the light beam 

The ampliflei is of the a c type with a flat fl equency 
lesponse over the lange of one-half to 200 cycles pei second 
Tins range is adequate foi recoidmg piactically all types of 
nystagmus, both spontaneous and induced, without appreci¬ 
able distortion The amplifier is piovided with an electronic 
limitei that pieients excessive output signals due to blinking 
oi large voluntary eye movements The amplifiei actuates 
a commercial pen lecoidei having a fiequency lesponse lange 
of zero to approximately 100 cycles pei second The recoidei 
thus limits the oveiall uppei fi equency response of the equip¬ 
ment 

The actual construction of the headband, goggle fiame and 
optical equipment, is shown m Fig 3, winch shows both a 
fiont and back view The housing foi the projection lamp. 
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lense and mfiaxed filtei m its leti actable slide is shown to 
the left of the fiont view This whole assembly is mounted 
as a unit, in a sliding and lotatmg ball-and-socket joint that 
peimits axial motion foi focusing and also angulai lotation 
In addition, the optical assembly may be tilted m all dnec- 
tions foi adjusting the beam to its piopei position on the 
eyeball All these adjustments aie fixed by tightening a 
single thumb nut Fuithei adjustments aie piovided foi 
headband size and nose configuiation 

The Fienzel glass, togethei v w*th its small illuminating 
lamp, is mounted on the opposite side of the goggle flame, 
and both the Fienzel glass and the optical assembly aie 
mounted upon cnculai metal discs that fit into semicirculai 
openings in the goggle fiame They aie held in place by 
thumb sciews and aie easily removable fiom the goggle 
fiame so that then positions may be inteichanged, that is, 
the light beam may be positioned on the light eye with the 
Fienzel glass befoie the left eye, 01 vice veisa 

The leai view of the goggle fiame shows the piojection 
lense with the two photocells befoie it, and the small lamp 
of the Fienzel glass Fig 4 shows the appaiatus fitted to 
the patient’s head 

The two photocells, as stated above, act as one Actually, 
one cell would suffice, howevei, because of the great vana- 
tion of head and nose sizes and shapes, the light beam may 
fall upon the eyeball in a slightly upwaid 01 downwaid slant¬ 
ing dnection with vanous patients so that the leflected beam 
is dnected 1 espectively, somewhat downwaid 01 upwaid In 
eithei case, one 01 the othei of the two cells will be well 
illuminated by the reflected light Thus, with two cells, the 
adjustment of the beam is less cutical, and may be accom¬ 
plished quickei and moie easily 

Tlie lotatmg chair (see Fig 5), used with the above equip¬ 
ment, was assembled at low cost and is adequate foi loutme 
clinical tests It has an electrical variable speed duve giving 
a lange of angulai velocities of the chan fiom 2 5 to 90 de¬ 
grees pel second (0 42 to 15 turns per minute) m eithei 
direction of lotation There is no adjustment foi angulai 
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acceleration 01 deceleration The chan leaches full angulai 
velocity, upon starting, in about two seconds, and is stopped 
by a hand biake in less than one second 

Calibiation of the equipment, in millimeteis of pen excui- 
sion pei degiee of eye deflection, is accomplished by means 
of a simple penmetei (see Fig 5), having two small neon 



Fig 4 


lamps that may be positioned at vanous angulai sepaiations 
as measured at the patient’s eye, fiom 5 to 30 degiees of aic 
A hand switch shifts the illumination quickly fiom one lamp 
to the othei, and the patient is mstiucted to follow the light 
with his eyes while keeping Ins head at lest 

The whole equipment is inherently lineai m lesponse to 
well within its limit of piecision, which is about 0 2 mm foi 
visual measuiement of the pen lecoid This degiee of line- 
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anty is found m the output of the photocell, an the lesponse 
of the amphfiei, and in the excuision of the pen lecordei, 
ho\\e\ei, when canning’ out a calibiation on a given patient 
theie is a laxge factoi of uncertainty, depending upon the 
piecision with which he can follow r the appaient motion of 
the light on the penmetei A tiamed and coopeiative sub- 



Fig: 5 


ject can xepeat successive eye movement foi the same perime¬ 
ter settmg within about 2 pel cent, but an untiamed oi un- 
coopeiative patient may vary his eye motion as much as 10 
or 20 pel cent at the same setting In such cases only a very 
rough calibiation can be accomplished 

The oveiall sensitivity is ample for all lecoi dings A mo- 
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tion amplification of twenty to one is obtained leadily, that 
is, a lmeai motion of 0 5 mm at the suiface of the eye may 
pioduce a pen exclusion of 10 mm Thus it is possible to 
lecoid nystagmic motions so minute that they would not be 
noted by visual obseivation of the eye 

Photoelectiic lecoi dings of nystagmus has been descubed 
and used successfully by Pfaltz and Richtei 5 The pi mciple 



Fig 6 N> stagmograms of Various Types Fi\e horizontal bars repre¬ 
sent 1 sec time 1 Spontaneous nystagmus small amplitude constant 
frequency 2 Postrotatorv njstagmus obtained through the electrical^ 
driven chair 45 /sec velocitv and sudden stop total duration within 
normal limits nystagmus frequency elevated 3 Postrotfttorv n>stagmus 
obtained under identical conditions as graph No 2 total duration normal 
i frequencv but larger amplitude 4 Thermic njstagmus obtained 

dv iu cc 68 of v\ ater even amplitude normal frequencv tho one irregular 
S?o¥o2. l0n do J\ n w ar d is the result of a blinKing of the ev elids 5 Thermic 
nvstagmus 10 cc 68 water larger and uneven amplitudes frequency 
within average normal limit 


of opeiation of then appaiatus is, however, somewhat dif- 
feient They illuminate the entile aiea of the iris plus the 
neai adjacent areas of the scleia on both sides of the ms 
Two photocells, positioned lateially and connected m opposi¬ 
tion, so that then output potentials aie opposed, recoid the 
simultaneous and opposite changes of illumination on both 
sides of the iris when the eye moves 
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With the use of a focused light beam as descubed heie, 
only one ms-scleia boundary is illuminated It is thus pos¬ 
sible to make lecoidings of fust degiee nystagmus nheie the 
eye is deflected so fai to the side that one edge of the ms 
is occluded by the eyelids When both second and fust de¬ 
gree nystagmus is to be lecoided m succession, the beam may 
be so positioned that one 01 the othei edge of the 111 s lies 
well within the beam both m the forward and the sideways 
deflected position of the eye 

The photoelectric study of nystagmus lequlies that the 
eye be held open dui mg the actual time of recoidmg This 
does not appear to have any effect upon the nystagmic re¬ 
sponse when the patient is in a daikened 01 dimly lighted 
loom The opened eye is, of couise, lequned in any case 
where the lecordmg is to be checked by simultaneous ob¬ 
servation thiough the Prenzel glass Actually this means 
of observation was piovided in the present apparatus pri¬ 
marily to check its opeiation during the development and 
testing penod The lecoi der has pi oven so leliable that 
visual observation is seldom used in loutme clinical tests 

Fig 6 shows seveial typical lecords obtained with the 
photoelectric nystagmograph 

SUMMARY 

This paper describes a photoelectric n>stagmogiaph, using 
invisible mfiared light, suitable foi lecoi ding all types of 
nystagmic eye motions, except puie lotatory nystagmus It 
is particularly well adapted for loutme clinical tests with 
thermic 01 lotatory stimulation, but is also suitable foi physio¬ 
logical research It piovides very leliable records that show 
all the details of form, amplitude, frequency and duration of 
the vestibular leaction 

The appaiatus comprises a headband and goggle fiame, 
fitted to the patient’s head, upon which the optical and 
photoelectric equipment is mounted This is connected to 
an electronic amplifier and pen recoider that supplies an 
immediate pen record of the nystagmus 

The recording is conducted m a dimly lighted room The 
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motions of one eye supply the infiaied light signals foi the 
lecoidei The othei may be observed simultaneously, if de- 
sned, thiough a 20-dioptei lense m the Fienzel method 

By a simple opeiation the optical assembly and the Fienzel 
glass may be intei changed so that eithei eye may be used 
to supply the lecoid 

In clinical use, lecoi dings may be made m only a few moie 
minutes of time, and with no moie discomfoit to the patient 
than m the usual pioceduie of visual observation of nystag¬ 
mus 
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EUSTACHIAN TUBE BIOPSY CANNULA 


Mahmoud K Muftic, M D ,* 

Basiah, Iiaq 

Tubal obstiuction usually affects the nasopharynx m van- 
ous ways langmg fiom acute and cluonic inflammation of 
the adenoids to benign neoplasm and livpertiophv of the naso¬ 
pharyngeal tissues 



Fig 1 Muftic s Biops} Cannula for EUBtachian Tube 


The usual pioceduies foi investigating the cause of tubal 
closure, postenox lhmoscopy, nasophaiyngoscopy, tubal in¬ 
sufflation, etc, weie not pioductive of piopei analysis m the 
case in question, consequently it was necessary to establish 
a simple loutme pioceduie which would permit biopsy fiom 
the tubal orifice and fiom Rosenmullei’s fossae, thus giving a 
histopathological diagnosis of the obstruction 


•King Fassail Koyal Hospital Basrah 
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MUFTIC NEW INSTRUMENT 


To simplify the technique, an mstiumentf foi obtaining 
specimens foi biopsy was designed in the shape of a Eustachi¬ 
an tube cathetei adaptable to a B-D syimge (LL) The end 
piece may be of two diffeient types lesemblmg the endo- 
metnal cannula-cuiette accoidmg to Raydal and Novak, but 
of a smallei size 

This cannula-cuiette is mtioduced by the same technique 
as m oidinary cathetei ization of the Eustachian tube The 
cathetei is mtioduced (with 01 without local anesthesia), 
and when it is engaged m the tubal onfice 01 well m Rosen- 
mullei’s fossa, stiong suction is applied by aspnating the 
syimge 01 adapting cannula to a suction unit Aftei com¬ 
plete suction, the cannula is withdiawn and the tissue is 
removed fiom the cannula by stiong insufflation, and placed 
m the piopei fixing solution 

The stain for the small biopsy is made accoidmg to Papani¬ 
colaou, and thickei pieces aie embedded foi lnstopathological 
investigation by the usual staining techniques 

tThese instruments are made from m> design Do^n Bros and Jlajer 
and Phelps 92 Borough High Street London SE 1 to 'w horn I am most 
grateful 


AMERICAN SOCIETY OF FACIAL PLASTIC SURGERY 

The Annual Spnng Meeting of the Amencan Society of 
Facial Plastic Surgery will be held March 10-11, 1958, at 
Columbus, Ohio For furthei details write Dr Samuel M 
Bloom, Secietaiy, 123 East 83id Street, New York (28), 
N Y 



ANESTHESIA METHODS FOR BRONCHOSCOPY AND 
THEIR USEFULNESS IN PRACTICE ' 


E J Knud sen, M D , 

H Rasmussen, M D , 

H Ruben, M D , 
and 

P Traun-Pedersen, M D , 
Copenhagen, Denmaik 


Bionchoscopv, when introduced into clinical piactice about 
the turn of the Centui \, was employed chiefly foi lemoval of 
foieign bodies In the couise of years, the use of diagnostic 
bronchoscopy has steadily mci eased 

Bi onchoscopy, earned out_m deficient anesthesia, is an 
extiemelv disagreeable experience to the patient, moieover, 
the diagnostic value of bi onchoscopv in a patient offering 
lesistance is doubtful, and finally, bronchoscopy undei such 
cncumstances involves a risk of injury 

Endeavois have, theiefoie, been made to find a satisfactoiv 
method of anesthesia, but the multiplicity of pioposals proves 
the difficulty of the task The mam troubles are that the 
anesthetist and the smgeon woik in the same field and, theie¬ 
foie, easily get m each othei’s wav, and that the field con¬ 
cerned is sensitive with very busk leflexes 

Formerly, the choice lav between local and geneial anes¬ 
thesia, the lattei m the form of inhalation anesthesia With¬ 
in lecent yeais a numbei of methods, new m punciple, have 
been mtioduced We have found it appiopnate to trv some 
of these m piactice and attempt to assess then usefulness 

The demands to be made on an ideal method aie the follow¬ 
ing 


•From the Finsen Institute Copenhagen Anesthesiologv Department 
ilJD ) Ruben IM.D ) and ENT Department (Head H Rasmussen 

Editors Xote This manuscript receded in The Earvngoscope Office and 
accepted for publication Xot 20 1957 
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1 A minimum of usk to the patient 

2 Removal of discomfort to the patient 

3 Undistuibed woikmg conditions foi the suigeon 

k Simplicity of technique and appaiatus 

5 A slioit lestoiation penod (of paiticulai impoitance m 
cases of out-patients) 

Local anesthesia, with oi without piemedication, was pievi- 
ously the most fiequently employed method foi adults, and is 
still used m some cases With lefeience to the above-men¬ 
tioned demands, it is seen that 

1 The method, on the assumption of adequate dosage, ful¬ 
fills the lequnement of safety 

2 In few cases only does it lemove the discomfort to the 
patient 

3 It laiely lendeis possible undistuibed examination In 
cases of neivous patients it is impossible to cairy thiough 
bionchoscopy m local anesthesia alone 

h The technique is simple 

5 It is suitable foi out-patients 

In cases unfit foi local anesthesia inhalation anesthesia was 
pieviously the only othei possibility Examination then had 
to be perfoimed duung the lestoiation penod, aftei the dos¬ 
age had been stopped The examination lequnes deep anes¬ 
thesia The degiee of the consequent depiessed lespnation 
and a possible cyanosis aie difficult to follow dunng endo¬ 
scopy m a daik 100 m The anesthetist will often have to 
mteivene while the suigeon is at work, eithei to ventilate 
with oxygen oi to add a supplemental y amount of ethei, for 
instance In case of difficulty with the mtioduction of the 
bionchoscope, a laiyngeal spasm may occui, which will often 
start a senes of unpleasant complications Regaidmg the 
above-mentioned demands we have found that 

1 The method is not without nsk 
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2 The discomfort of bionchoscopy is leplaced by discomfort 
of anesthesia 

3 The suigeon cannot woik undisturbed 

J, The technique certainly is simple, but it is difficult to 
manage in practice 

5 The lestoiation penod is fanly long, and the method, 
therefoie, is unfit foi out-patients 

The only cases where inhalation anesthesia may be indi¬ 
cated aie those of bionchoscopy in children, wheie the modern 
fonns of geneial anesthesia may be difficult to admmistei 
In cases of childien with obstiuctmg or potentially obstiuct- 
mg foieign bodies m the an passages any kind of geneial 
anesthesia must be legalded as contra-indicated Non-ob¬ 
structive foieign bodies in the an passages of childien can 
often be lemoved m vinyl ether-and-ether anesthesia, but 
an excellent method has been indicated by Tokei, using 
thiopental-sodium and succmyl-chohne-iodide, and cun ass 
lespiratoi (vide infia) 

MODERN ANESTHETIC METHODS 

A Local anesthesia suplemented by general analgesia, ob¬ 
tained with pethidine mtiavenously 

B General anesthesia obtained with baibituiates supple¬ 
mented by short-acting relaxants 

A Local Anesthesia Supplemented by Pethidine Medication 

A pievious investigation showed that endoscopy thiough the 
pharynx, including bionchoscopy, could be gieatly facilitated 
by injecting pethidine mtiavenously, due partly to the de- 
pi essmg effect of pethidine on the laryngeal and pharyngeal 
leflexes, and partly to the mentally relaxing and pam-stilling 
action of pethidine m the doses used, an action which may be 
chaiactenzed as one of geneial analgesia Not mfiequently 
theie is found amnesia with legald to discomfort of the 
examination 

The method has now r been employed foi bionchoscopy m 
moie than 400 cases at the Fmsen Institute during the past 
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six yeais, with an exceedingly favoiable lesult With lefei- 
ence to the pieviously mentioned demands we have found 
that 

1 The usk involved must be supposedly less than that of 
local anesthesia alone, as the amount of anesthetic, if pethi¬ 
dine is used, can be 1 educed Oximetiy shows that the ie- 
duction of the oxygen satuiation m cases with pethidine 
medication is slight, being of the same oidei as at bioncho- 
scopy in local anesthesia alone, wheie a 1 eduction occuis 
when the bionclioscope causes obstiuction, eg, when it is 
mtioduced into one of the bionchi This can possibly be 
explained by the way in which the depiessmg effect of pethi¬ 
dine on the lespn ation is abolished by the stimulating effect 
of the mtei vention itself 

2 Pethidine gieatly i educes the discomfoit to the patient 
Reactions in the foim of nausea aie laie, the skm occasion¬ 
ally becomes pale and slightly moist, but the blood piessuie 
does not fall, and theie is seen only the mmoi use in pulse 
late which conesponds to the paiasympatlncolytic action of 
pethidine Libeiation of histamine with tiansitoiy ledness 
along the couise of the vein has been seen in a few instances, 
but no bionchospasms oi collapse 

3 By employing local anesthesia it lias, in the gieat ma- 
jonty of cases, been possible to cany thiough undistuibed 
and thoiough bionchoscopy, most often including the taking 
of biopsy specimens and use of the telescope 

h The method is simple and, if necessaiy, can be piacticed 
by the suigeon alone, aided only by a nuise to watch the 
patient dunng and aftei the opei ation 

5 The method is suitable foi out-patients, the majonty 
of whom can lesume then daily woik aftei a few houis’ lest 
Aftei lemoval of the bionclioscope the cough leflexes will 
suffice to bung up any blood oi mucus 

Technique 

We used between 50 and 200 mg (on an aveiage about 100 
mg ) pethidine mal pei cent solution A good technique of 
local anesthesia is lequned to obtain a favoiable lesult 
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Aftei caieful spianng of the mouth and thioat, 8 to 10 ml 
of one-half pei cent pontocaine with adienahne 1 200,000 can, 
with advantage, be injected in between the vocal coids bv 
means of a svnnge fitted with a blunt, curved cannula, which 
can be passed down behind the epiglottis of the sitting patient 
The cough pioduced bv the application will spiead the injected 
pontocaine m the tiachea and bionchi 

Intia'senous injection of pethidine is theieaftei started, 
up to 50 mg is given within about 30 seconds, and aftei - 
waids supplemented accoidmg to lequiiement Maximum 
lesponse to mtiavenously injected pethidine is obtained aftei 
a few minutes 

B Genet al Anesthesia 

The use of baibituiates combined with lelaxants ivas fnst 
descubed about foui veais ago, and vanous modifications of 
the technique have alieadv been suggested These lepiesent 
diffeient solutions of the essential pioblem of oxvgenation 
duimg the induced apnea 

Evaluation of the baibituiate-ielaxant method with legaid 
to fulfillment of the stated demands has shown that 

1 The method involves a much gieatei usk to the patient 
than local anesthesia plus pethidine method, because it le- 
qunes a faultless functioning of a lathei complicated tech¬ 
nical appaiatus, as w T ell as an ideal, piefeiably firmly estab¬ 
lished coopeiation of suigeon and anesthetist 

Failuie of a link m the pioceduie, eg, a block in the mtia- 
venous cannula, leakage oi stoppage of the oxygen supply, 
tiouble wnth the mtioduction of the bionchoscope, etc, may 
within a veiy shoit time cause complications, which m the 
daik loom may be difficult to lecognize and tieat sufficiently 
eaily Expenence wall i educe the incidence of such compli¬ 
cations, but the risk is always piesent We have seen no 
seveie complications m oui senes, but a few times interrup¬ 
tion w r as necessary due to technical difficulties involving a 
lisk of hypoxia 

2 The discomfort to the patient befoie and duimg the 
opeiation has been eliminated The discomfort following the 
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mtei vention is piobably somewhat gieatei than aftei local 
anesthesia supplemented by pethidine mtiavenously 

3 The method yields veiy good conditions of opeiation, 
varying with the different modifications, (vide infra) 

U The method lequnes the assistance of a specialist in 
anesthesia 

5 The lestoiation penod is sufficiently short to lendei 
the method seiviceable foi out-patients 

The vanous punciples of oxygen supply and the techniques 
employed will be buefly leviewed 

I Intelmittent ventilation has been suggested by Chuiclnll- 
Davison, among otheis Piemedication with morphine and 
atiopine is given Aftei mtiavenous injection of 300 to 500 
mg thiopental sodium and 60 to 75 mg succinylcholine iodide, 
hypei ventilation is earned out foi 30 to 60 seconds, with 
puie oxygen by means of mask and bag The vocal colds 
aie theieaftei spiayed with a local anesthetic (This has 
been done m all modifications of thiopental and succinyl¬ 
choline anesthesia foi bionchoscopy, because the lelaxant 
effect vanishes pnoi to the effect of the baibituiate, so that 
without local anesthesia lemoval of the bionchoscope will 
often be followed by violent coughing and laryngeal spasm) 
The bronchoscope is then mtioduced, while at the same time 
the patient is ventilated with oxygen as often as possible, 
thiough a cut lubber tiacheal cathetei, passed so fai into 
the Negus bionchoscope that it fits airtight 

Oximetiy shows that adequate oxygenation can be main¬ 
tained in this way Such fiequent ventilations m the bioncho¬ 
scope aie veiy inconvenient to the suigeon, but they can, to 
a gieat extent, be done dui mg mteivals of examinations, 
while the suigeon is changing optical instruments, oi the like 

The method takes a certain account of the Co 2 elimination, 
being, theiefore, fit to be used ovei a fauly long penod, 
piovidmg cuiacite is constantly added foi the purpose of 
maintaining apnea Supplementary doses of a baibituiate 
aie laiely necessary, when the examination does not extend 
beyond 15 to 20 minutes 
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II The oxygen diffusion method has been proposed by 
Barth for bronchoscopy This method starts with ventilation, 
using oxigen for three to fi\e minutes, without remhalation 
of previously exhaled air (one-v. ay-vah e), whereby the nitro¬ 
gen of the pulmonary air is replaced by oxygen Thereafter 
the barbiturate and relaxant are gnen, until complete apnea 
has occurred, which is maintained throughout the intern en- 
tion During the bronchoscopy pure oxygen is conducted 
through a lateral tube m the bronchoscope with side holes 

We found that, using this method, a constant maintenance 
of apnea is necessary, because otherwise the oxygen m the 
lungs will be "diluted” agam with nitrogen, and the oxygen 
diffusion to the blood thus be reduced 

Oximetry showed satisfactory values, providing the abo\e 
requirements are met As, however, no Co. is eliminated by 
this procedure, apnea lasting more than 15 minutes involves 
a risk of Co. intoxication, cf Barth’s own statement after 
pCo. measurements 

III The insufflation method has been mentioned by 
Cheatle and Chambers, and others After administration of 
barbiturate and relaxant, the patient’s lungs are ventilated 
two or three times with pure oxygen The bronchoscope is 
then introduced, and about one liter of oxygen per minute is 
conducted through a thin catheter passed down to the canna 

The method was found suitable for very short examinations 
only (Cheatle and Chambers themselves stated five, or ten 
mmutes at most), because the oxygenation is not reliably 
effective, and Co. is accumulated 

IV The cuirass respirator method has been indicated by 
Toker, and Green and Coleman After administration of a 
barbiturate, a previously fitted respirator cuirass is placed 
on the patient’s thorax and abdomen, and one makes sure that 
the respirator functions to satisfaction Then a relaxant is 
given, and it is controlled so that the respirator takes over 
the patient’s respiration in a satisfactory way If so, the 
anesthesia can be continued as long as is desirable, affording 
ideal and undisturbed working conditions for the surgeon 
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In stocky, fat patients, as well as m patients with a stiff 
emphysematous thoiax, it has been found difficult and m 
some cases impossible, to obtain sufficient change of an by 
this method 

The appai atus being laige and expensive, the method is 
usually employed m special waids 

V The ventilation bionchoscape has been constiucted by 
Mundnich and Hoflehnei, and its use has been descubed by 
Kjaei, among otheis It is a Negus bionchoscope, piovided 
with side holes at the distal end, so that both lungs aie venti¬ 
lated, even with the bionchoscope passed down into one 
bionchus The uppei end can be closed by a glass pane 
Thiough a side inlet close to the uppei end of the bioncho¬ 
scope the patient can be ventilated with gases fiom an oidi- 
nary anesthesia machine 

The patient’s lungs can thus be ventilated thiough the 
bionchoscope dining the whole penod of bionchoscopy If 
airtight closing lound the bionchoscope is desned, this can 
be obtained by manual piessrag of the soft tissue above the 
larynx against the bionchoscope Dunng piolonged bioncho¬ 
scopy it is an advantage to be able to ventilate with a mtiogen 
oxide mixtuie, foi instance, which allows 1 eduction of the 
theopental sodium amount used and msuies the patient’s 
lemammg asleep 

When a telescope is used, the glass pane can be leplaced 
by a lubbei diaphiagm, thiough which the telescope can be 
passed airtight Biopsy specimens cannot be taken simultane¬ 
ously with the ventilation, but can be taken dunng a pause m 
this, especially if the patient has been hyperventilated in 
advance 

The method is suitable foi bionchoscopies wheie piolonged 
and undistuibed examination is desned, eg, m the teaching 
of diagnostic bionchoscopy, but it is unsuitable foi bioncho¬ 
scopies for the puipose of taking biopsy specimens 

CONCLUSION 

The practical lesult of oui investigations, m connection 
noth testing of the vanous methods, is that we still piefei 
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local anesthesia supplemented by pethidine medication as 
standaid method, especially m cases of old and very sick 
patients, wheie this method is supposed to involve the least 
usk A few patients with very busk leflexes, 01 very nei- 
vous patients, in vhom it has been found impossible to intro¬ 
duce the bionchoscope aftei local anesthesia plus petlndene, 
we piefei to anesthetize with baibituiate and lelaxant, and 
use ventilation bionchoscope 01 , when biopsy has to be made, 
the cun ass lespnatoi method In cases wheie anatomical 
conditions lendei examination m local anesthesia plus pethi¬ 
dine difficult, e g, a short stiff neck, long teeth, 01 the like, 
one must, howevei, be piepaied foi difficulties, also when 
emplojing the method with baibituiate and lelaxant 

SUMMARY 

Eaily and modem methods of anesthesia foi bionchoscopv 
have been leviewed, with lefeience to oui expenence in then 
use 

Local anesthesia supplemented by pethidine inti avenously 
has been found satisfactory, the method being fanly safe, 
easy to cairy out, and yielding sufficiently good opeiative 
conditions m the gieat majonty of patients 

Geneial anesthesia, using baibiturates and short-acting 
lelaxants, yield ideal conditions of opeiation, but has been 
found to involve a gieatei usk to the patient 
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In stocky, fat patients, as well as in patients with a stiff 
emphysematous thoiax, it has been found difficult and m 
some cases impossible, to obtain sufficient change of an by 
this method 

The appaiatus being laige and expensive, the method is 
usually employed m special waids 

V The ventilation bionchoscope has been constiucted by 
Mundmch and Hoflehnei, and its use has been descubed by 
Kjaei, among otheis It is a Negus bionchoscope, piovided 
with side holes at the distal end, so that both lungs aie venti¬ 
lated, even with the bi onchoscope passed down into one 
bionclius The uppei end can be closed by a glass pane 
Tluough a side inlet close to the uppei end of the bi oncho¬ 
scope the patient can be ventilated with gases fiom an oidi- 
nary anesthesia machine 

The patient’s lungs can thus be ventilated tluough the 
bi onchoscope dui mg the whole penod of bionchoscopy If 
airtight closing lound the bi onchoscope is desned, this can 
be obtained by manual piessmg of the soft tissue above the 
laiynx against the bi onchoscope Duung piolonged bioncho¬ 
scopy it is an advantage to be able to ventilate with a mtiogen 
oxide mixtuie, foi instance, which allows 1 eduction of the 
theopental sodium amount used and msuies the patient’s 
lemammg asleep 

When a telescope is used, the glass pane can be leplaced 
by a lubbei diaphiagm, tluough which the telescope can be 
passed airtight Biopsy specimens cannot be taken simultane¬ 
ously with the ventilation, but can be taken dui mg a pause m 
this, especially if the patient has been liypei ventilated m 
advance 

The method is suitable foi bionchoscopies wheie piolonged 
and undistuibed examination is desned, eg, m the teaching 
of diagnostic bionchoscopy, but it is unsuitable foi bi oncho¬ 
scopies foi the puipose of taking biopsy specimens 

CONCLUSION 

The piactical lesult of oui investigations, m connection 
with testing of the vanous methods, is that we still piefei 
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oigans, particulaily of the tongue Voice is pioduced by 
vibiation of the vocal coids in the laiynx In addition to 
these scientifically conect definitions, indicated as such by 
different typesetting, Webstei explains othei usages, includ¬ 
ing then inteichangeable meaning as synonyms 

The voice is one of the audible functions of the larynx, in 
paiticulai of the vocal coids It is this act of phonation 
which makes human speech suitable foi audible communi¬ 
cation Expiessed m the teims of the acoustic engmeei, 
the voice lepiesents the camei wave In furthei analogy 
to the supei imposition of the vibiations of speech 01 music 
by amplitude 01 frequency modulation of the ladio camei 
wave, the acoustic chaiactenstics of the speech sounds 
01 vocal timbeis aie added to the laiyngeal \oice by the 
articulately movements of the speech oigans 

Following this technical example, we may compare the 
disoideis of human communication to a distuibance m a 
ladio station If the matenal to be bioadcast is lacking, 01 
if the peifoimeis fail foi any leason, the diffusion of ideas 
by language 01 music will be deficient On the othei hand, a 
failure m the acoustic svstem of miciophones, cables, and 
amphfieis intei feies with the piopei modulation of the cai- 
nei wave, causing distortion 01 umntelligibility of singing 
and speech Finally, when the emitteis of the camei wave 
bieak down, no ladio signal will be on the an to cany the 
audio fiequencies pioduced by the performing speakeis 01 
smgeis It is this function of the human voice as a camei 
wave foi the modulation of speech sounds by articulation, and 
thus foi the audible expiession of thoughts, which will be 
consideied m this papei 

LAKYNGEAL PATHOLOGY AND PHONATION 

The voice can be impaiied by many abnormal conditions 
of the larynx These may be acute, like infections, 01 chronic, 
like peimanent changes m structuie, further, they may be of 
penpheial origin, such as in laryngeal nrjury, 01 of cential 
origin, as a lesult of some biam pathology Pieviously, one 
used to diffei entiate also between organic lesions, which 
would be lecogmzable by some changes m structuie 01 



DYSPLASTIC DYSPHONIA 
Minor Anomalies of the Vocal Cords Causing 
Persistent Hoarseness 

Godfrey E Arnold, M D, 

New Yoik, N Y 

THE SIGNIFICANCE OF THE VOICE FOR COMMUNICATION 

Speech is the fundamental pieiequisite foi the intellectual 
development and the social mtegiation of man Due to its 
complex natuie and to the manifold lelations between speech 
and all phases of human activity the study of speech is shaied 
by a laige numbei of vanous sciences Ranging fiom acous¬ 
tics to zoology, almost every science shows a well-defined 
intei est in some pioblems of speech and advances the com¬ 
posite knowledge by specialized conti lbutions 

This vanety of scholastic viewpoints pioduced many defini¬ 
tions of the teims dealing with speech Since scientific 
terminology is fully coveied by the disciplines of linguistics, 
01 speech psychology, theie is no need to discuss it here, 
howevei, the common usage of these terms deviates fiom 
academic pailance Let us fust clanfy some of these dis¬ 
ci epancies, paiticulaily with legald to the concepts of lan¬ 
guage, speech, and voice 

Language is defined m Webstei’s dictionaiy as the geneiic 
teim, denoting in its most extended use any mode of conveying 
ideas Tongue is the Anglo-Saxon teim foi language, especial¬ 
ly for spoken language Speech refeis to oial communication 
and represents the faculty of expiessmg thoughts by audible 
woids 01 articulate sounds 

Ai hcuhitwn is the utteiance of the elemental y sounds of 
a language by the appropriate movements of the speech 

•Read at the First Symposium on Human Communication held at the 
National Hospital for Speech Disorders in April 1956 

fFrom the Diagnostic Ser\ices (G E Arnold M D Clinical Director) 
of the National Hospital for Speech Disorders (Lynwood Heat er M D 
Director) 

Editor s Note This manuscript received In The Dart ngoscope Office and 
accepted for publication Nov 15 1957 
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lemained isolated contnbutions to the then obscuie con elation 
of stiuctuial pecuhanties with losses of function, no geneial 
conclusions could be diawn Aftei sufficient evidence had 
been accumulated it is now possible to amve at a pi ease 
diagnosis in most of these cases 

As usual, the case hist on assists in the diffeientiation of 
congenital and acquned conditions, and in addition, may 
piesent indications of heieditary 01 post-mutational types 
Routine otolaryngologic examination establishes the absence 
of infections 01 tiaumatic ailments If necessary, the cus¬ 
tomary laboratoiv and X-iay studies help to lule out geneial 
diseases Moie important is the conoboiation of letaided 
physical matuiation, hormonal imbalance, 01 constitutional 
debility by similai findings m othei parts of the body When, 
finally, the finding of a congenital laryngeal abnormality 
can be con elated with the piesentmg vocal disoidei, the 
diagnosis of dysplastic dysphonia, due to developmental 
hypoplasia of certain parts of the larynx, can be established 
with ceitamty 

The psychological leport is less helpful in such cases, foi 
it is difficult to distinguish which part of the psychologic 
deviations, if piesent, aie due to the secondary leaction of 
the individual to his disability, and which part may have 
been of pnmaiy conti lbuting significance Sometimes, how- 
evei, the psychologist leports mfantihstic signs which then 
agiee well with the concept of a psycho-somatic letaidation 
of the emotional and physical development 

MINOR LARYNGEAL MALFORMATIONS 

Since the larynx is a single oigan whose two halves pertain 
to the two sides of the body, it is easy to undei stand that the 
slightest liiegulanty m the development of eithei side will 
remain peimanently visible in the foim of asymmeti ical 
configui ation In fact, laryngeal asymmetry had been fie- 
quently described by the oldei authoi s An abundant vai lety 
of such obseivations had been analyzed in the encyclopedic 
leview by Beck and Schneidei (1926) They demonstrated 
that any part of the larynx may be the seat of congenital 
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motility, and functional disoideis, which would leave the 
stiucture intact while deiangmg the audible function 

Similaily to othei medical specialties one has lately lecog- 
mzed that no such artificial division can be made Some¬ 
times maiked stiuctuial abnoimalities may be associated 
with excellent vocal function In othei cases seveie functional 
losses aie piesent m a laiynx which appeals noimal to the 
eye Between these two extiernes aie found the laige ma- 
jonty of cases showing a combination of these two obseiva- 
tions, moieovei, the advances of bio-chemical and physiologic 
leseaich demonstrate well-defined abnoimalities m such dis¬ 
eases which weie hitherto legalded as functional Schizo¬ 
phrenia is an example Hence, one piefeis to classify 
diseases accoidmg to then etiologic causes, at least as fai as 
piesently distinguishable With legald to vocal pathology, 
mci easing usage is made of an etiologic teiminology, which 
has leplaced the oldei symptomatology classifications 

DYSPLASTIC DYSPHONIA 

In a laige centei foi voice and speech disoideis the ex¬ 
ceptional cases aie moie frequently seen than m a legulai 
clinic for eai, nose, and thioat diseases Foi this leason, 
we encounter a lelatively laige numbei of patients whose 
hoarseness has been noticed since eaily childhood Othei s 
noticed the onset of then chionic vocal disability at the time 
of puberty Occasionally, such patients also lepoit that 
some of then neai relatives seem to have a similai disability 
It would, theiefoie, appear that theie exist lieieditaiy, con¬ 
genital, and post-mutational types of chionic hoaiseness 

Laryngoscopic examination of these patients frequently 
reveals minoi anomalies of the laiynx While the well-known 
signs of the common laiyngeal diseases aie absent, one finds 
a gieat vanety of stiuctuial abnormalities These affect 
the dimensions, proportions, lelative positions and the bi- 
lateial symmetry of all laiyngeal parts In previous yeais 
such findings weie often reported in gieat detail Obviously, 
the authors hoped to con elate then visible findings with the 
audible disoideis of the voice While those obseivations 
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Fig 1 Congenital Malformation and Asymmetry of the Palate 


congenital hypoplasia of the right vocal cord, one associated 
with hypoplasia of the right side of the tongue All thiee 
patients suffered fiom congenital dysplastic dysphonia This 
combination of laryngeal and lingual asymmetry had also 
been investigated by Motta In a monogiaph on the accessory 
chambeis of the larynx, Bartels compaied the human anom¬ 
alies with the anatomical findings m piimates and otliei 
mammals 


Arnold (1947) gave a detailed analysis of a severe laryn- 
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malformations Vocal distuibances aie to be expected pai- 
ticulaily when the vocal coids aie affected Othei regions 
may also distuib the voice 01 add pathologic noises to expua- 
tion One example is the pseudo-syunx descnbed by Jackson 
and Jackson This is a subglottic stenosis of the txachea 
which causes dyspnea and a ci owing sound on coughing 

As is well-known, the vocal coids peifoim the vibiations 
which pioduce the pnmary laiyngeal voice Any liiegulanty 
in the length, bieadth, thickness, specific weight, musculai 
development, position, insertion, motility and contiactihty, 
m short any asymmetry m the physical pioperties of the vocal 
coids must affect the acoustic qualities of the voice 

Rekei published, m 1938 , a detailed phomatnc study of the 
con elation between nnnoi laryngeal abnoimalities and pei- 
sistent vocal disabilities He came to the conclusion that 
some of these conditions aie heieditaiy, otheis aie simply 
piesent since bath and aie called congenital, a thud group 
appeals aftei pubeity, appaiently being due to a maldevelop- 
ment of the infantile into the adult laiynx, which would 
lepiesent a developmental type of dysphonia Since foui of 
Ins 18 cases showed additional asymmetiy of the face, and 
since five cases levealed palatal asymmetiy, he assumed the 
piesence of a geneialized constitutional debility of the penph- 
eial oigans of speech, at least m those cases Fig 1 shows a 
case of congenital palatal malfoimation 

This combination of internal asymmetnes of the laiynx 
noth othei visible anomalies was also found by Tameaud In 
his monogiaph on the laiyngopatlnas ( 1944 ) he mentioned 
the combination of laiyngeal displacement with spinal skoli- 
osis In some cases the asymmetiy of the thyioid cartilage 
may be felt by the palpating fmgei Luchsmgei mentioned 
m his textbook (p 98 ) that these palpable asymmetiies aie 
a fiequent finding m cases of constitutional weakness of the 
voice 

Similai obseivations weie made by Gaide, whose lecent 
case showed umlateial hypeiplasia of many skeletal paits on 
the light side, associated with laryngeal asymmetiy and 
dysplastic dysphonia Luchsmgei leported thiee cases of 
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more noticeable on one side Fiequentlv it is associated with 
othei laryngeal or oial asymmetries (see Fig 3) 

This condition is rare as fai as the general population is 
concerned In a specialized voice clinic, hove\er, the sulcus 
of the vocal cord can be seen quite frequently At the Nation¬ 
al Hospital ve observe a few cases among about 3,000 pa¬ 
tients each \eai Arnold counted 12 cases among 1250 adults 


TABLE I 

NINE CASES OF LARYNGEAL ASYMMETRY FOUND AMONG 1250 
SOLDIERS SUFFERING FROM DISORDERS OF VOICE AND SPEECH 

1 Right cord lower than the left with hvperkinetic d'vsphonia 

2 Right cord higher and broader than the left with congenital 
dvsphonia, 

1 Hvpoplasia of the left cord with congenital dvsphonia, 

} Congenital crossing of the arvtenoids with secondary laryngitis and 
congenital dvsphonia 

Same with post mutational falsetto ^ice 
b Same with ps^hogenic hvperkinetic d\sphonia 
7 Same with Aocalis insufficiency and habitual mixed dvsphonia 
$ Rigat ventricle of Morgagni wider than the left with developmental 
hvpohinetic dvsphonia 

9 Right ventricle of Morgagni wider than the left with ps'vchogemc 
hvpokmetic aphonia. 


(soldiers) who were refened for disorders of voice 01 speech 
These figures demonstiate again how statistics can be in¬ 
fluenced by selective factois It is obvious that cases of 
chronic hoarseness tend to concentrate in clinics for the 
special care of vocal disoiders 

The vocal coid sulcus had been repeatedly noted bv the older 
authors Kelemen quoted the autoptic findings of Denker, 
Giacomini (1892), and Grabert (1914), who studied the 
larynx of the gonlla and of various human races Sain is 
usually credited with the first more complete descnption of 
the “sulcus vocalis” in 1901 Following the anthropologic 
ideas of his time, he considered the sulcus as a degeneiative 
sign, allegedly more fiequent among criminals Othei authors, 
like Alezais (1906, 1912), described the condition as “double 
vocal cords” In 1906 Citelli undertook more extensrve re- 
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geal malformation with congenital dysphoma Historj, 
laryngoscopy, X-iays, anthi opological leport, and the vocal 
status led to the diagnosis of a laryngeal fiactuie during 
the complicated birth (see Fig 2) Similai to the classifica¬ 
tions of othei congenital malfoimations this case demonstiated 
the necessity of distinguishing between constitutional mal- 
developments and acquned connatal malformations Hence, 
theie exist cases of connatal tiaumatic dysphoma His nine 
othei obseivations of laiyngeal asymmetry weie published 



Fig 1 2 Connatal Malformation of the Larynx due to Lan ngeal Fracture 
b> birth Injury 


in 1948 Table I shows the vanous foims of asymmetry, 
and then association with seveial types of dysphoma, the 
majonty being of congenital ongm 

VOCAL CORD SULCUS AND DOUBLE VOCAL CORDS 

The vocal coid sulcus is a fine longitudinal funow on the 
medial edge of the vocal cold It may extend ovei the entile 
length of the cord, oi may be limited to a segment of variable 
length, its depth is also variable, langmg fiom a faint line 
to a deep partition of the cord In the lattei case it divides 
the cord mto two portions, an uppei oi lateial lip, and a 
lowei or medial lip This is then called a double vocal coid 
Theie may even be an accessory ventucle behind a very deep 
sulcus The sulcus may be unilateral, bilateial, or may be 
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moie noticeable on one side Fiequentlv it is associated vith 
othei laryngeal or oial asvmmetnes (see Fig 3) 

This condition is laie as fai as the general population is 
concerned In a specialized voice clinic, hcme\er, the sulcus 
of the vocal cord can be seen quite fiequentl 3 r At the Nation¬ 
al Hospital ve obseive a few cases among about 3,000 pa¬ 
tients each yeai Ai nold counted 12 cases among 1250 adults 


TABLE I 

NINE CASES OF LARYNGEAL ASYMMETRY FOUND AMONG 1250 
SOLDIERS SUFFERING FROM DISORDERS OF VOICE AND SPEECH 

1 Right cord lower than the left with tnperkinetic d%sphonia 

2 Right cord higher and broader than the left with congenital 
dvsphonia 

9 Hvpoplasia of the left cord with congenital d'sphonia 

J Congenital crossing of the arvtenoids with seconders lar\ngitis and 
congenital dvsphonia 

> Same with post mutational falsetto \oice 

6 Same with psychogenic hyperkinetic d\sphonia 

7 Same with vocalis insufficient and habitual mixed d\sphonia 

9 Rigut ^ntricle of Morgagni wader than the left with developmental 
hypokinetic dvsphonia 

9 Right ventricle of Morgagni wider than the left with ps\chogenic 
trvpokinetic aphonia 


(soldieis) who veie refened foi disorders of voice 01 speech 
These figures demonstrate again how statistics can be in¬ 
fluenced by selective factois It is obvious that cases of 
chionic hoarseness tend to concentrate m clinics foi the 
special care of vocal disoiders 

The vocal coid sulcus had been lepeatedly noted by the oldei 
authors Kelemen quoted the autoptic findings of Denker, 
Giacommi (1892), and Grabert (1914), vho studied the 
larynx of the gonlla and of various human races Salvi is 
usually credited with the first more complete description of 
the “sulcus vocalis” m 1901 Following the anthiopologic 
ideas of his time, he considered the sulcus as a degenerative 
sign, allegedly more fiequent among criminals Othei authors, 
like Alezais (1906, 1912), descubed the condition as “double 
vocal coids” In 1906 Citelli undertook more extensrve re- 
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seaich and found furthei paiallels m the compaiative anat¬ 
omy of animals He coined the teim “sulcus glottideus” and 
claimed to have found it m eveiv second laiynx dissected 
foi this puipose Sometimes the sulcus was baiely visible 
with the naked eye Fuithei autopsy findings weie lepoited 
by Hajek (1928), Demel (1928), Kelemen (1929), and by 
Fiank and Malev (1939) 

The fust obseivation on a patient was made by Lauten- 
schlagei (1912) He also lecogmzed that the hoaiseness 



Fig 3 Congenital As\ mmetrj of the Larjnx with Sulcus on Left Cord 
and Hypoplasia of the Right Ventricular Fold 


was due to the incomplete closuie of the glottis, theiefoie, 
he suggested that the insufficiency be collected by the mtia- 
laiyngeal injection of paiaffin, accoidmg to the then new 
method of Biunmgs In Oertel’s case of 1912, an acute in¬ 
flammation and swelling of the vocal coids tempoianly 
impioved the hoaiseness which showed again that the dys- 
phonia m a case of vocal coid sulcus was pnmanly due to the 
bowing glottis 

In 1928 Bergei submitted the fust phomatnc and stiobo- 
scopic analysis of the congenital dysplastic dysphonia due to 
vocal cold sulcus, oi double vocal coids Again, he noted 
the incomplete closuie of the glottis Moie cases weie sub¬ 
sequently descubed by Van Caneghem (1928), Fomai (1936), 
Tameaud (1944), oi Delaini and De Stefam (1952) One 
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of then foui cases showed heieditaiy tendencies The laigest 
numbei of cases ivas seen by Aniold who, in 1948, lepoited 
12 obsei vations The combination with furthei laiyngeal 
and oial anomalies m these cases is shown on Table II 

For a time some autliois disagieed on the possible etiologic 
factois Bilanciom observed in 1923 the development of a 

TABLE II 

12 CASES OF VOCAL CORD SILCLS FOLND AMONG 1250 SOLDIERS 
SUFFERING FROM DISORDERS CF VOICE AND SPEECH 

1 Sulcus on right cord prolapse of the left arvtenold w 1th congenital 
hypokinetic dvsphonia 

2 Sulcus on both cords hornlike elongation and phonatorv crossing of 
both corniculate tubercles (similar to Blumenfeld s case reproduced 
b\ Beck and Schneider on their p 42^), absence of both cuneiform 
tubercles with dvsphonia v entricularis 

1 Sulcus on both cords with habitual h\perhinetic d\sphonia 

f Sulcus on both cords with congenital hvpokinetic dvsphonia 

> Sulcus on both cords with incomplete mutation of the voice (develop¬ 
mental dysphonia) 

6 Sulcus on both cords wuth developmental dvsphonia and dvsphemia 
(stuttering) 

7 Sulcus on left cord with developmental dysphonia 

$ Sulcus on left cord with habitual mixed dvsphonia 

9 Sulcus on left cord deeper than the right asvnimetrv of Morgagni's 

ventiicles (the right wider than the left) vocalis insufficiency with 

congenital hvpokinetic dysphonia and lisping (see Fig 3) 

10 Sulcus on left cord deeper than the right contact ulcer right vocalis 
insufficient anterior ventricular hjperkmesis with congenital hvpo 
kinetic dvsphonia 

11 Sulcus on left cord deeper than the right palatal asvmmetrv with 
developmental d>aphonia 

12 Sulcus on left cord with diphtheric vagus paralvsis on the right. 


tubei culons ulcei witlim a pieexisting sulcus Ivelemen fui- 
thei quoted Spiess (1908), who saw r the development of a 
longitudinal scai as a lesidue of a healed vocal cold gumma 
Anothei opinion in favoi of the tubei culous ongm was voiced 
by Van Caneghem (1928), while Garel (1922) believed m a 
shiinking atrophy following chiomc laryngitis If one con¬ 
siders the fiequency of tubeiculosis, syphilis, oi chiomc 
laryngitis at the time of these observations, a coincidental 
combination of the congenital sulcus with such acquned 
gianulations would not be suipnsmg 
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seaich and found fuithei paiallels in the compaiative anat¬ 
omy of animals He coined the teim “sulcus glottideus” and 
claimed to have found it m eveiv second laiynx dissected 
foi this puipose Sometimes the sulcus was baiely visible 
with the naked eye Fuithei autopsy findings weie lepoited 
by Hajek (1928), Demel (1928), Kelemen (1929), and by 
Fiank and Malev (1939) 

The fust obseivation on a patient was made by Lauten- 
schlagei (1912) He also lecognized that the hoaiseness 



Fig 3 Congenital Asj mmetn of the Lan n\ with Sulcus on Left Cord 
and H\ poplasla of the Right ^utricular Told 


was due to the incomplete closuie of the glottis, theiefoie, 
he suggested that the insufficiency be collected by the mtia- 
laiyngeal injection of paiaffm, accoidmg to the then new 
method of Biumngs In Oeitel’s case of 1912, an acute in¬ 
flammation and swelling of the vocal coids tempoianly 
impioved the hoaiseness winch showed again that the dys- 
phonia in a case of vocal coid sulcus was pnmanly due to the 
bowing glottis 

In 1928 Beigei submitted the fust phomatnc and stiobo- 
scopic analysis of the congenital dysplastic dysphonia due to 
vocal cord sulcus, 01 double vocal coids Again, he noted 
the incomplete closui e of the glottis More cases wei e sub¬ 
sequently descnbed by Van Caneghem (1928), Foinai (1936), 
Tameaud (1944), oi Delaim and De Stefam (1952) One 
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conti action of the external strap muscles, 01 constuction of 
the supiaglottic lesonance chambeis Habitual hypei kinetic 
disoideis aie thus supei imposed on the congenital hvpokinesis 
of the \ocal coids, pioducmg vanous combinations of vocal 
disfunction 

Tieatment is lathei difficult Since the obseivations of 
Lautenschlagei and Oertel it is veil-known that the dnect 
cause of the hoaiseness consists of the hypoplasia of the 
vocalis muscles Because these hypoplastic, asymmetncal, 
and possibly divided coids do not completely close on phona- 
tion, the voice is always accompanied bi an escape of an 
This addition of non-vibiatmg an to the voice sound is heaid 
as hoaiseness Consequently, any suigical attempt at im- 
piovement would have to mciease the closuie of the glottis 
I intend to follow Bethi’s pioceduie, who collected the state 
of myopathic paiesis of the vocalis muscles by injecting vase¬ 
line into the bowing coids The cartilage paste recommended 
m anothei publication (Arnold) foi the compensation of 
adductoi paialysis appeals suitable also foi a congenitally 
bovmg cold Messeikhngei and Doubek described the suc¬ 
cessful collection of a bowing cold due to umlateial con¬ 
genital sulcus by mtia-coidal injection of paiaffm by the 
Biunmgs method 

Vocal 1 eliabilitation by appropnate voice theiapy should 
always be tiled In any case one can impiove the condition 
bv eliminating the secondaiv pai akinesias so that the patient 
may learn how r to use Ins voice as well as his anatomical 
condition will permit Unfortunately, it has to be admitted 
that the amount of pi ogress is always limited At the piesent 
time such voices cannot be gieatly improved It is, theiefoie, 
most important to advise these patients not to choose an 
occupation with heavy 01 specialized demands on the voice 
Eaily lecogmtion of the condition is the best service we can 
pi esently rendei to these patients All authois shaie this 
piognostic reservation 

REPORT OP A CASE 

Case No 71940, Pearl C a white unmarried female age 18, was 
first seen on February 1 1950 She complained of chronic hoarseness 
since earliest childhood No other relative has any voice trouble She 
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All lecent authois aie m accoid with the ongmal dis- 
coveieis that the vocal cold sulcus is a congenital malfor¬ 
mation Jackson and Jackson, who saw foui cases of “supei- 
numeiaiy coids,” called it a malfoimation of atavistic ongm 
Many authois lefeired to the normal piesence of the sulcus 
in vanous animals, ascribing a legiessive significance to its 
occunence in man (Kelemen, Tameaud, Delaim and De 
Stefani, etc ) The latest contribution to this intei pi etation 
was made by Sbeinim in 1954 Evidence foi the noimal 
piesence of a sulcus m animals can be found m the papeis 
of Albiecht (1896), Wilson (1910), and particulaily by Nemai 
(1912, 1926) The lattei descubed double vocal coids, divid¬ 
ed by a sulcus, m many species deei, gnaffe, antelope, 
swine, gibbon, etc In accoidance with pievious authois, he 
found these accessory coids most noticeable m pumates It 
is inteiestmg to note that he consideied the development of 
these accessory coids below the tiue vocal coids of the gibbon 
as unfavoiable foi the vocal abilities of this species Accoi d- 
uig to Kelemen (1949) the leduplication of the vocal coids 
is particulaily piomment m the chimpanzee laiynx He be¬ 
lieves that the double coids aie partly responsible foi the 
double tones frequently heard in the voice of the chimpanzee 

SYMPTOMS OP DYSPLASTIC DYSPHONIA 

When listening to this type of voice, one is impiessed by a 
peculiai hollow and unpleasant quality It is difficult to 
descube it m woids, but it lemmds one of the sound made by 
a bioken pot It seems as though the two coids weie out of 
tune There is a constant bieathy quality due to the excessive 
escape of an between the bowing coids Hence, phonation 
time is short and the volume is weak The aveiage speaking 
pitch is often too high, appaiently because the high tones 
are usually cleaiei Tins is due to the bowing glottis, which 
is physiologic foi the male falsetto tones, and, theiefoie, does 
not disturb the high tones as much as the low tones Moie- 
ovei, the patients tend to abuse then weak voices by faulty 
attempts at compensation Instead of exploiting all reserves 
of projection and lesonance, they tiy to oveicome then dis¬ 
ability by increased musculai efforts This leads to vanous 
parakinesias, such as phonatory elevation of the larynx, ovei- 
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CONCLUSIONS 

The voice is an integial paxt of the human organs of com¬ 
munication It lepiesents the camel uave on which aie 
supei imposed the modulations of the laiyngeal voice sound 
by the aiticulatorv movements of the speech oigans Serving 
this specific function, the voice should not be confounded 
with the otliei components of communication The terms 
articulation, speech, and language, descube specific aspects 
of^oial communication and cannot be used inteichangeable* 

Laryngeal pathology may distuib the voice in many ways 
Contiary to the old idea of distinguishing oiganic and func¬ 
tional vocal distuibances, one non attempts an etiologic 
classification of the vanous djsphonias 

Dysplastic djsphoma lefeis to a group of chionic vocal 
disabilities due to nunoi anomalies of the larynx They may 
be of hei editary, congenital, and connatal origin, 01 they may 
appear as a lesult of faultv laryngeal matuiation duung 
puberty 

The nunoi laryngeal malfoimations aie chaiacteiized by 
gieat diveisity Then salient featuie is an asymmetucal 
development of the two laryngeal halves, particulaily of the 
vocal colds 

A special condition of congenital laryngeal anomaly appeals 
in the foim of the vocal cold sulcus If deep enough, it cieates 
the impiession of leduphcation of the coids All lecent 
authois legald this condition as a congenital anomaly of 
atavistic 01 legiessive oiigin 

The symptoms of dysplastic dysphonia aie well undeistood 
and do not piesent any diagnostic difficulties Regiettably, 
the same cannot be said regaidmg tieatment One of oui 
cases lllustiates this geneial expenence In the futuie it will 
be worth while to apply the suigical punciples of vocal coid 
injections Favoiable lesults weie shown by Rethi (vaseline), 
Messeiklmgei and Doubek (paiaffm), and Arnold (cartilage 
paste) 
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had always enjo\ed good health and does not lemember any unusual 
uppei lesphatory Infections or alleigies Menstruation is uncomplicated 
and regular Several previous examinations had reportedly been negathe 

General appearance A slender asthenic, normally developed girl of 
good intelligence with pleasant manners and an apparently calm tern 
perament No signs of emotional disturbance No signs of anemia or 
other disease 

Nose and nasopharynx The mucous membianes are unusually tliin, 
pale and delicate The turbinates aie small and the passages open No 
abnormal secretion no respiiatorv obstruction 

Mouth The lips teeth, gums tongue and the palate appear normal 
Tonsils are absent The oral mucosa is unusually delicate and pale 

Ears and tubes Veiy delicate membranes, no pathology 

Laiynx Small but symmetrical All parts are yery small and delicately 
built The mucosa is thm and pale Gross motility is normal The 
yocal cords are white thin and nanow a longitudinal fine sulcus along 
the medial boidei of either side ghes the impression of double vocal 
cords The entrances to the \entrieles aie 'very wide During phonation 
the bowing cords close incompletely leaving an o'val glottal chink wide 
open The vibrations appear to take place between the lower segments 
of the cords 

Voice Very hoarse, breath's and weak Ayerage speaking pitch be¬ 
tween a d* (220 294 cps ) Yocal range g c= (196 523 cps ), no different! 
ation of registers, the higher tones sound definitely better Phonation 
time Vowel O on tone c* 7 8 sec (normal 20 sec ) Marked strain of 
the external laivngeal muscles is noticeable duiing phonation 

Speech No noticeable disorder of ai ticulation, diction or sentence 
construction 

Diagnosis Constitutional hypoplasia of all uppei respiratory mem 
branes congenital bilateral sulcus with reduplication of vocal cords, 
congenital h'v poplasia of the thy ro arytenoid muscles 9 dvsplastic dys 
phonia hypokinetic tvpe 

Treatment advised Attempt at vocal lehabilitation b\ improving 
resonance, projection and enunciation two sessions per week 

Progress notes Octobei 4 1950 no change in objective findings but 
patient believed to be consideiably improved Decembei 13, 1950 sub¬ 
jective satisfaction continues August 15, 1951 the voice continues to 
sound hoarse breathy and shrill October 29, 1951 no change in the 
bowing of the double cords May 26 1952 although the patient appears 
veiy satisfied her voice is as hoarse bieathy and haish as before She 
left the hospital aftei having attended moie than 200 therapv sessions 

In October 1952 she was seen in Bellevue Hospital yvhere we made 
essentially the same findings and recommendations AppaientB the 
subjective improvement had not been permanent In Maich 1954 she 
appeared at the New York Eye and Eai Infirmary, where hei congenital 
\ocal disability was Interpreted as ‘a Irvsterical speech defect ” 

Discharge sinnmauj A case of congenital dysplastic dysphonia had 
been observed and Heated for about four y^ears In accordance with all 
previous obseivations no improvement could be achieved An interesting 
featuie in this case was the marked hymoplasia of all visible mucous 
membranes Finally, the vibrations of the cords seemed to be con 
centrated on the lower portions of the double cords In contradistinction, 
most of the previous observers had noted the vibration of the upper 
segments 
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CONCLUSIONS 

The voice is an integial pait of the human oigans of com¬ 
munication It lepiesents the camel wave on which aie 
supei imposed the modulations of the laryngeal voice sound 
by the articulatory movements of the speech oigans Serving 
this specific function, the voice should not be confounded 
with the othei components of communication The terms 
articulation, speech, and language, descube specific aspects 
of^oial communication and cannot be used inteichangeably 

Laiyngeal pathology may distuib the voice in many wajs 
Conti ary to the old idea of distinguishing oiganic and func¬ 
tional vocal distuibances, one now attempts an etiologic 
classification of the vaiious dysphomas 

Dysplastic dysphonia lefeis to a gioup of chionic vocal 
disabilities due to mmoi anomalies of the larynx They may 
lie of hei editary, congenital, and connatal ongm, 01 they may 
appear as a lesult of faulty laiyngeal matuiation duung 
puberty 

The nunoi laryngeal malformations aie chaiactenzed by 
gieat diveisity Then salient featuie is an asymmetiical 
development of the two laryngeal halves, particulailv of the 
vocal coids 

A special condition of congenital laryngeal anomaly appeals 
m the form of the vocal cold sulcus If deep enough, it creates 
the impiession of leduplication of the coids All lecent 
authois legald this condition as a congenital anomaly of 
atavistic 01 legiessive origin 

The symptoms of dysplastic dysphonia aie well undeistood 
and do not piesent any diagnostic difficulties Regiettablj, 
the same cannot be said legal ding treatment One of our 
cases lllustiates this geneial expenence In the futuie it will 
be worth while to apply the suigical pnnciples of vocal coid 
injections Favoiable lesults weie shown by Rethi (vaseline), 
Messeiklmgei and Doubek (paiaffm), and Arnold (cartilage 
paste) 
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SUMMARY 

The well-known definitions of the vai ious aspects of human 
01 al communication aie lecalled The basic function of com¬ 
munication is human phonation It may be distuibed by 
many abnoimal conditions, including congenital anomalies of 
the laiynx These malformations may affect all paits of the 
voice oigans, and aie paiticulaily haimful to the voice if they 
distuib the symmetry and fine cooidmation of the vocal colds 
One disci ete cause of such dysplastic dysphonias is seen in the 
well-known condition of double vocal coids This disability 
is descubed m detail and lllustiated by a typical case 
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Postgiaduate Medical Instiuction, the Mount Sinai Hospital, 
Fifth Avenue and One-Hundredth Stieet, New Yoik 29, 
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AURAL-HARMONIC AND BONE-CONDUCTION 
THRESHOLDS IN THE EVALUATION OF 
COCHLEAR RESERVE IN CLINICAL 
OTOSCLEROSIS 

Phillip A Yantis, Ph D , 
and 

John E Magielski, M D , 

Ann Aiboi, Mich 

It has been geneially accepted foi some time that the piog- 
nosis foi a significant impiovement of healing sensitivity 
due to opeiative intei vention in the eai with a loss due to 
clinical otoscleiosis depends to a great extent on the ade¬ 
quacy of cochleai function The pumaiy question to be 
answeied by audiologic examination m these cases is this Is 
the function of the cochleai stiuctuies sufficiently noimal, 
as deteimined by pie-operative functional testing, that sig¬ 
nificant lestoiation of heaung sensitivity can be expected 
m the event of successful opeiative negation of the conductive 
impediment due to otoscleiosis’ 

In attempting to test the adequacy of cochleai function, 
it is impoitant to employ tests that will not be influenced 
significantly by any physiological abnormality of the middle 
eai The most widely used pioceduie m developing an 
opeiative prognosis in these cases has been to compaie the 
puie-tone tlnesholds obtained by an and by bone conduction, 
sometimes lefened to as the “an-bone gap” A numbei of 
mvestigatois have attached a gieat deal of importance to 
the bone thieshold in 1 elation to judging post-fenestiation 
heaung sensitivity 

Shambaugh 1 suggested that those eais that aie ideal for 

’An adaptation of this paper was presented at the 32nd Annual Con¬ 
tention of the American Speech and Hearing: Association Chicago Not em¬ 
ber 1956 
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was supported In part by the Research and De^lopment DiMston Office 
^j^Ahe^SuTgeon General Department of the Arm\ under Contract DA-49- 
00 j -aID-634 

accepted ^o^publTcmUon^ecf^^SST 6 ‘' ed ln The LarVr,SOSCOpe ° fflce and 

159 



160 YANTIS &. MAGIELSKI A H AND B C THRESHOLDS 


fenestiation have a bone thieshold nothin the noimal lange 
at 512, 1024, and 2048 cps Those suitable but not ideal have 
abnoimal bone-conduction sensitivity at 2048 cps , but normal 
thresholds at the othei two frequencies He classified those 
with a bone-conduction audiogram slightly below noimal 
foi two oi all three of the above frequencies as having a 
limited and guaided piognosis In a like mannei, Kos and 
Regei 2 defined thiee classes of patients as detei mined by the 
lelation between pie-opeiative bone and ail thresholds Those 
m Class I, with the best piognosis foi improvement by fene¬ 
stiation suigery, show a bone acuity not exceeding an aveiage 
loss of 15 db foi the fiequencies 500, 1000 and 2000 cps 
The second class of patients has an aveiage bone acuity ex¬ 
ceeding 20 db, but with at least a 30 db gap in the thiee 
fiequencies The thud class, and that gioup with the pooiest 
piognosis, is made up of those with a bone acuity exceedmg 
an aveiage loss of 20 db at the thiee fiequencies Sham- 
baugh and Caihart 3 mentioned that an an-bone gap of less 
than 35 db is a contiamdication foi fenestiation They 
believed that the ideal candidate has a maximum gap of 55 
to 60 db and a bone curve within 5 db of the noimal zeio 
line 

Pick 4 lecently listed what he thought aie indications foi 
stapes mobilization, and again the loss by bone conduction 
was emphasized, as well as the size of the an-bone gap, 
howevei, his indications foi favoiable piognosis weie not as 
conservative as those pioposed by othei wnteis m i elation 
to the fenestiation proceduie 

Peisonal obseivations of pie-operative bone-conduction 
sensitivity measuies in otoscleiotic eais, coupled with lesults 
obtained by other mvestigatois, have led the authois to have 
certain leseivations regaidmg the validity of an-bone com- 
paiisons alone in the judgment of cochleai leseive It is the 
purpose of this papei to outline buefly the pioblems m bone- 
conduction technique and interpretation, and to discuss the 
application of a comparatively new technique to the evalua¬ 
tion of cochlear leserve the auial-harmomc (auial-overload) 
test * 


• This technique has been referred to ai 3 both the aural-harmonic 
test 2 * 15 ** and the aural-overload test »» - The former title i s emploved 

In this paper In order to promote consistencj in terminology p 
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BONE-CONDUCTION TESTING 

Tuo of the impoitant paiameteis m bone-conduction meas- 
uiement aie those of valuations m the piessuie of the vibiatoi 
against the skull, and individual diffeiences m compliance of 
skin tissue between the vibiatoi and the mastoid piocess 
Goodhill and Holcomb-* found that even when the pressuie of 
the leceivei is constant at 400 giams, individual tissue vana- 
tions may cause an enoi of 5 db oi moie m sensitivity 
They mentioned that bone-conduction results may be “con¬ 
taminated’' by such factors as air-borne sound being ladiated 
by the bone-conduction unit, cartilage conduction fiom the 
vibiatoi to the tympanic membiane, and translational ex¬ 
citation of the ossiculai chain due to inertia Caihart 6 dis¬ 
cussed other pioblems, such as faulty audiometei calibiation, 
impiopei masking techniques, etc At least some of these 
lattei factois exist m any puie-tone audiometnc situation, 
and can he effectively eliminated thiough caieful piecautions 
on the pai-t of the exannnei 

Even though the above cuticisms aie of importance, thej 
aie somewhat overshadowed by one particular phenomenon 
peculiai to bone-conduction testing m eais with stapes an¬ 
kylosis The restriction of stapedial motion lelative to the 
skull seems to deciease substantially the bone-conduction 
sensitivity m the middle frequencies rn and of itself, m many 
cases, even though the anatomic stiuctuie of the cochlea and 
its inheient physiological chaiactenstics aie appaiently 
normal This observation was noted by Smith" when he 
found such restrictions m a senes of cats m which stapedial 
motion had been mechanically 1 educed Mean sensitivity to 
bone-conduction stimulation was loweied 15 db at 500 cps, 
20 db at 700 cps, 16 db at 1000 cps, 9 db at 1500 cps and 
4 db at 2000 cps aftei stapes fixation 

Various mvestigatois have confirmed tins phenomenon 
in pie- and post-opeiative examinations of a numbei of pa¬ 
tients with otoscleiosis Table I shows the post-opeiative 
mean changes m bone-conduction thresholds m a total of 203 
patients tested by six investigators Woods 13 found that 90 
pei cent of 46 cases showed bone-conduction impiovement 
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aftei fenestration and, m five othei patients, he found an 
aveiage mciease of 14 2 db m the speech fiequencies 

On the basis of such evidence, Caihart 30 pioposed that 
pie-opeiative bone-conduction thiesholds may be collected 
5 db at 512 cps, 10 db at 1024 cps, 15 db at 2048 cps and 
5 db at 4096 cps, to pi edict post-opeiative bone-conduction 
sensitivity mole accuiately Although this concept is lm- 
poitant m emphasizing the changing chaiactei of bone- 
conduction sensitivity following suigeiy, the exact foimula 
foi each flequency cannot always be lelied upon m an m- 


TABLE I 

MEAN CHANGES IN BONE CONDUCTION SENSITIVITY FOLLOWING 
FENESTRATION SURGERY IN A TOTAL OF 203 EARS 


Author 

Reference 

No 

No 

Ears 

Bone-Conduction Impro\ ement- 
500 cps 1000 cps 2000 cps 

—Decibels 
4000 cps 

Hennei - 

8 

72 

2 5 

87 

82 

75 

Juers 

McConnell 

9 

28 

3 0 

4 2 

13 0 

4 2 

and Caihait 

10 

58 

1 4 

6 5 

8 5 

Nilsson - 

11 

10 

6 0 

7 0 

14 0 

40 

Sohoel* 

12 

35 

15 0 

12 0 

110 

-2 0 


dividual case This fact is amplified in studying not only 
the mean changes in bone conduction found by othei investi¬ 
gators m terms of the apparent disci epancies in disci ete 
thiesholds fiom one gioup to anothei (see Table I), but, 
moie significantly, in viewing the lesults obtained in in¬ 
dividual cases It is also necessaiy to keep in mind that 
Caihart’s obseivations weie made on eais that had undei- 
gone fenestration suigeiy Because of the obvious diffeiences 
m the concomitant anatomic and physiological chaiacteiistics 
of the middle ear following the fenestiation opeiation, as 
compaied to stapes mobilization suigeiy, it is appaient that 
complete reliance cannot be placed on the “otoscleiotic notch” 
pnnciple when stapes mobilization is the piocedure of choice, 
until furthei leseaich is conducted 


•The purpose of this recent investigation was to emphasize the changing 
character of bone sensitivity immediately following surgerv The thresh- 
olds Quoted here were made three weeks post-operatively and were of a 
stable character The bone-conduction Mbrator was applied to the fore- 
head of all the patients tested in this particular study and the ear not 
under test was masked 
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Some of the physiological concepts that must be kept in 
mind in attempting to evaluate the bone thieshold in losses 
due to otoscleiosis will be leviewed and discussed latei 

Because the accuiacy of sensitivity thiesholds made by 
bone conduction in the otoscleiotic eai is at least questionable 
with lespect to the judgment of cochleai leseive, bone- 
conduction sensitivity was compaied with measuiements ob¬ 
tained on the auial-haimonic test pie- and post-opeiatively 
The latter pioceduie employs an entiiely diffeient physiolog¬ 
ical pi mciple than does bone-conduction testing, and piuports 
to be a dnect measuie of cochleai function 

THE AURAL-HARMONIC TEST 

The aural-harmonic (auial-oveiload) test is based on the 
obseivation that if a tone is piesented to the eai at a suf¬ 
ficiently high intensity, the stiuctuies of the oigan of Corti 
will not lespond with noimal fidelity 1 - 10 This phenomenon 
is known as amplitude distortion 01 , moie descuptively, aural 
oveiload It has been found that not only is this distortion 
piocess a cochleai phenomenon, 1 ' but that, m the event the 
stiuctuies of the mnei eai aie damaged 01 aie not function¬ 
ing noimally, the sensation level at which distortion begins 
to appeal is lowei than normal 1810 20 21 >— 2 - 20 

To achieve the sensation level at which distortion occuis, 
some method must be employed by which the subject can 
communicate the emeigence of this phenomenon to the ex- 
ammei Tins may be done by employing a vanation of the 
classic exploimg-tone method 23 A puie tone (in this case 
1000 oi 2000 cps ) is mtioduced into the eai, and is giadually 
raised m intensity until distortion fust appeal's Tins tone 
is lefened to as the fundamental When distortion occuis, 
the amount of acoustic eneigy which cannot be lineai ly tians- 
mitted by the cochleai stiuctuies involved is conveited into 
harmonics of the fundamental tone, howevei, the untiamed 
subject usually cannot heai these harmonics in his own eai 
because of the compaiative loudness of the fundamental tone 
In consequence, the exploimg-tone method is employed to 
enable the subject to report the piesence of the haimonies 
m the foim of a sensation of beats 
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aftci fenosti ation and, in jive othoi patients, he found an 
avoiago mcionso oi Id 2 db in Uu* speech ficquencies 

On tile basis of such evidence, Cm hail 1 " pioposcd that 
pie-opeialive hone-conduction lincsholds may be collected 
5 db at r » 12 cps, ]() db at 1021 cps , 15 db at 2048 cps and 
5 db at 40% ops , to pi edict posl-opei alive bone-conduction 
sensitivity moio accuiatelv Although this concept is nn- 
poitant in emphasizing the changing chaiactei of bonc- 
conduition ,sensitivity following suigciy, the exact foi inula 
Ini each 1 1 equoncy cannot always be iclied upon m an m- 


TA 111,10 1 

MEAN I'llANlIIOS IN HONE CONDUCTION H1CNSIT1VIT\ KOI,! OWING 
lnONlOSTUATlON SUIU.IOIO IN A '101'Al, OK 1!0 1 10AHS 


Autboi 

Hofoiam o 
No 

No 

1 at h 

Hoiin-f ondiMiton liupiovitmnt 
MIO ( PH 1(100 c pH 2000 i pH 

—lb (Mbt In 
4000 ( PH 

llopnoi 

8 

72 

2 r. 

8 7 

8 2 

7 r. 

Iuoir 

M( ConiuMl 

M 

28 

1 0 

i 2 

n o 


and Cm luu 1 

10 

r»s 

1 1 
t, o 

o r, 

8 5 

1 2 

Nlltwon 

11 

10 

7 0 

1 1 0 

1 0 

Sdhool* 

12 

in 

15 0 

12 0 

11 o 

-2 0 


dividual case This tact is amplified in studying not onlv 
the mean changes m bone conduction found bv othoi mvcsli- 
gatois m teims oT the appaicnt disci epancies m disci etc 
tinesholds fiom one gionp to anothei (see Table I), hut, 
moio significantly, m viewing the lesults obtained m in¬ 
dividual cases U m also necossuiy to keep m mind that 
auhalt’s ohseivatmns weie made on eais that had undei- 
gone fenosti ation am gei v Because of the obvious diffci enccs 
m the concomitant anatomic and physiological chaiactei istics 
or the middle eai following the fenosti ation open ation, ns 
eompaiod to stapes mobilization smgoiv, it is appaicnt that 
complete i chance cannot ho placed on the “otosclci otic notch” 
pi maple whon stapes mobilization is the pioceduio or choice, 
until luithei lesoaich is conducted 

< Ilium to "or 'hono Mo.mltlxlu' I'miiimVliil *,!» , VYi ,h lo ‘'"'elwu.l/o Iho il.ni.KlM 

" <1h *inol« ,1 \\ 1 1 o i.ii.ilo |,o.,«.. , .. 1 , y ron, '"'»K huikom ll.o till.Ml» 

Hlablo t lmi in lot Mho bom ( n dm m, . t 4 H ii ,,OH , 1 «poiaU\ol\. timl won of a 
bond «r nil tht> put lout h ImUol \ " ,IH to t Mo fojo 

umlot tout wiiH miiHktMl 11 t|H WiUltiiinr hIuiU, mut tin* oat not 
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Some of the physiological concepts that must be kept in 
mind in attempting to evaluate the bone threshold in losses 
due to otoscleiosis will be leviewed and discussed latei 

Because the accuiacy of sensitivity thiesholds made by 
bone conduction m the otosclei otic ear is at least questionable 
with lespect to the judgment of cochleai leserve, bone- 
conduction sensitivity was compaied with measuiements ob¬ 
tained on the aural-haimonic test pie- and post-opeiatively 
The lattei pioceduie employs an entnely diffeient physiolog¬ 
ical pi mciple than does bone-conduction testing, and purports 
to be a duect measuie of cochleai function 

THE AURAL-HARMONIC TEST 

The auial-haimonic (auial-oveiload) test is based on the 
observation that if a tone is presented to the eai at a suf¬ 
ficiently high intensity, the stiuctuies of the oigan of Corti 
will not lespond with noimal fidelity 1510 This phenomenon 
is known as amplitude distortion 01 , moie descuptively, aural 
oveiload It has been found that not only is tins distortion 
piocess a cochleai phenomenon, 17 but that, m the event the 
stiuctuies of the rnnei ear are damaged or aie not function¬ 
ing normally, the sensation level at which distortion begins 
to appeal is lowei than normal 18 10 20 21 >— 25 20 

To achieve the sensation level at which distortion occuis, 
some method must be employed by which the subject can 
communicate the emergence of this phenomenon to the ex- 
aminei This may be done by employing a vanation of the 
classic exploimg-tone method 23 A puie tone (m this case 
1000 or 2000 cps ) is introduced into the eai, and is giadually 
laised m intensity until distortion fust appeal’s This tone 
is lefeired to as the fundamental When distortion occurs, 
the amount of acoustic eneigy which cannot be lmeaily trans¬ 
mitted by the cochleai stiuctuies involved is converted into 
harmonics of the fundamental tone, howevei, the untrained 
subject usually cannot heai these harmonics m his own eai 
because of the compaiative loudness of the fundamental tone 
In consequence, the explonng-tone method is employed to 
enable the subject to report the piesence of the haimonies 
m the form of a sensation of beats 
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When a 1000 cps fundamental tone is intioduced into the 
eai, foi example, an exploung tone of 2004 cps is also led to 
the eai at an intensity level slightly less than the level of the 
fundamental When the intensity of the fundamental is suf¬ 
ficiently high to pioduce auial distoition, the subject will 
heai foui beats pel second m the backgiound of the funda- 


PRODUCTION OF AURAL OVERLOAD (NOT DETECTED AS YET) 


OSCILLATOR 

AND 

CONTROLS 

1000- 

LOW INTENSITY 




(SAME) 

HIGH INTENSITY 



( 


IOOO 'V 


r lOOO* AND HARMONICS' 

2000*,300CH ETC 


DETECTION OF AURAL OVERLOAD 



tOCKh' AND \2000+ \ 

l 2004+ ! 

I I 

T~ 

4 BEATS PER SEC 
WHEN OVERLOADED 


Fig- 1 Schematic diagram of the technique employed in detecting the 
aural-harmonic (aural-o\ erlond) threshold 


mental These beats aie pioduced thiough the intei action of 
the 2004 cps exploung tone with the 2000 cps second hai- 
monic of the fundamental generated in the mnei eai When 
these beats aie heaid, the intensities of both the fundamental 
and the exploung tone aie equally i educed until the subject 
no longei heais the beats The intensity of the fundamental 
at which these beats aie fust detected is called the auial- 
haimomc, oi auial-oveiload, thieshold, and the numbei of 
decibels between sensitivity threshold and the detection thiesh¬ 
old of the auial-harmonic is the lineal range of healing at 







YANTIS &. MAGIELSKI A H AND B C THRESHOLDS 165 


the particulai fundamental fiequency being tested A simple 
lllustiation of the piocedure involved in this test is given m 
Fig 1 

Lawrence and Yantis 10 found, m ovei 130 normal eais, that 
the mean lange at 1000 cps was 52 db and 57 db at 2000 
cps Means obtained m abnormal eais were published in the 
last-cited study, but since that time a larger numbei of cases 
tested in tins clinic have been added to the original data to 
give the mean values listed in Table II * 


TABLE II 

MEAN AURAL-HAKMOMC THRESHOLDS OBTAINED IN NORMAL 
AND ABNORMAL EARS 


1000 cps 2000 CP 1 * 

Mean btand Mean btand 

No (db ) De\ No (db ) De'^ 

Categor\ Ears (db ) Ears (db ) 


Normal Ears- 



13 

133 

57 

17 

Middle-ear Pathology * ~ 



6 

36 

4S 

S 

Cochlear Pathology 

33 

13 

9 

40 

19 

11 


•These figures do not include the aural-harmonic data obtained in the 
ears reported In this stud\ 


Thiee mvestigatois, employing different fundamental and 
exploi mg-tone frequencies, have reported mean thiesholds 
closely compaiable to those of Lawience and Yantis Sokolow- 
ski,- 4 using a 500 cps fundamental tone applied by air con¬ 
duction and a 1003 cps exploi mg tone by bone conduction, 
found harmonic thiesholds in normal ears fiom 45 to 50 db 
above the fundamental-tone thieshold In losses of a con¬ 
ductive type, the thieshold was essentially the same m sen¬ 
sation level, howevei, in peiceptive losses with iecruitment, 
Sokolowski found the auial-haimomc thieshold to be only 
slightly lnghei than the intensity of the 500 cps fundamental 
tone, pioviding the extent of the loss exceeded 45 to 50 db 
Opheim and Flottoip, 25 using fundamental fiequencies of 250 
and 500 cps, found no diffeience between noimal haimomc 


•Through a mathematical error the means and standard de^ iations of 
harmonic thresholds measured at 1000 cps in the 17 ears with cochlear 
in\ ol\ ement \\ ere incorrectly stated in the article b\ Eaw rence and 
Yantis 1# and in the paper by 1 antis =* In both of these publications the 
mean range of linearitA between audlbilit\ threshold and harmonic thresh¬ 
old was gi\en as 24 db and the standard de\iatlon as 14 db The correct 
calculations are a mean of 12 db and a standard deviation of 7 db This 
correction is incorporated in the data of Table II 
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thiesholds and those m eais with conductive losses, but 
maikedly lestucted langes m 70 out of 73 eais with leciuit- 
ment weie lecoided They also found the test veiy helpful 
m the diffeiential diagnosis of Memeie’s disease 20 

Since the auial-haimonic test employs the an-conduction 
pathway lathei than the osseous loute, it seems to be a 
measuie of cochleai function not significantly influenced by 
the physiological status of the middle eai, and may hold 
some piomise of being a compaiatively quantitative measuie 
of cochleai function Accoidmgly, this pioceduie was com¬ 
pared with bone-conduction testing pie- and post-opeiatively 
with lespect to the lelative stability of the two tests undei 
conditions of stapes ankylosis and impioved healing aftei 
suigical intervention 


PROCEDURE 

The nineteen patients tested in this study weie examined 
in the Department of Otolaryngology, Umveisity Hospital 
Each patient was given a complete puie-tone audiometnc 
examination at least thiee times befoie the auial-harmonic 
test, with at least a one-month intei val between each exam¬ 
ination The audiogiam accepted as each patient’s pie- 
opeiative thieshold pattern was an aveiage of the thiee 
audiometnc examinations conducted 

Puie-tone audiometnc and auial-haimonic tests weie re¬ 
peated no less than one-and-one-half months post-opeiatively 
in those patients who submitted to fenestiation suigery, and 
when necessary, aftei stapes mobilization This was done to 
reduce to a minimum any possibility of the contamination of 
sensitivity measuies by Iabynnthine aftei-effects of suigery 
■(see Sohoel 12 ) 

Pui e-tone audiometnc tests by an and bone conduction weie 
canned out, using a calibiated Maico H-l clinical audiometei 
Tiaditional audiometnc techniques weie employed, including 
the use of masking when necessaiy All tests on’ each sub¬ 
ject were made with the same equipment and technique, and 
by the same exammei 

In attempting to l educe maximally the effects of the pos- 
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sible paiamaters in bone-conduction technique outlined eailiei, 
the following points w ei e consistently follow ed in testing the 
patients used in this study 

1 Calibration of the bone-conduction \ibiatoi was earned 
out, using Carhart’s method of an and bone compai isons m 
normal ears and eais with a modeiate puie peiceptive loss® 

2 During all bone-conduction tests, the \ibiatoi was held 
against the skull by a headband attached on the opposite side 
of the head to an eaiphone The lattei was placed o\er the 
external meatus of the eai not under test m all patients, 
whether masking was employed m the opposite eai or not 
No means of keeping the pressuie of the \ibiatoi constant 
foi all the ears tested was used, othei than that of securing 
the vibiatoi as tightly as possible without causing pain oi 
discomfort 

3 In all cases, the exact position of the vibiator post- 
auncularly was detei mined bv ascei taming the best position 
to obtain the lowest sensitivity threshold foi a 1000 cps tone 
The position decided upon was permanently used foi all fie- 
quencies tested on any one eai Repositioning was always 
earned out in subsequent sessions 

U When masking was employ ed, careful attention w as 
given to the intensity of the complex-noise masking signal to 
eliminate the possibility of tians-cianial conduction of the 
noise 

Aui al-harmonic tests weie earned out with carefully cali¬ 
brated equipment especially designed foi clinical use * A 
detailed account of the original laboiatory equipment used 
m pienous expenmentation is fully desenbed elsewheie. 1 ' 19 
Very briefly, the technique employed m clinical testing was 
as follows 

1 The patient is instructed that he will heai a loud, steady 

•For the harmonic-detection measurements made in this studv a clinical 
Instrument designed and manufactured b\ Malco Electronics Inc Mas 
employed. The inherent distortion characteristics of the fundamental-tone 
oscillator were found to be ven low the second harmonic of the two 
fundamental tones was more than 60 db below the acoustic level of the 
fundamental This factor is of course extremelv important in order to 
eliminate the possibilitv of Intermodulation distortion occurring in the 
stimulus Itself ~ 
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tone, and that he should listen m the backgiound of that tone 
foi a wavy, 01 beating sensation If he heais only a qualita¬ 
tive sensation of steadiness, he is asked to say “steady” aftei 
listening buefly to the tone If he hears a beating sensation, 
he is lequested to say “beat” Vanations on this basic set 
of mstiuctions aie sometimes made if theie is any doubt 
that the patient does not undei stand 

2 The fundamental tone (eithei 1000 oi 2000 cps ) is then 
set to an entensity up to 70 db above audibility tlneshold foi 
that tone The exploi mg-tone fiequency is then made to 
diffei fiom the second haimonic of the fundamental by ap- 
pioximately 4 cps, and is ongmally adjusted to be 10 db 
below the intensity of the fundamental tone These adjust¬ 
ments aie made without stimulation of the eai undei test 

3 The two tones aie then mixed and piesented to the eai 
being tested In most cases the patient heais beats with only 
a slight adjustment of the exploimg-tone intensity If beats 
aie not leadily peiceptible, then vanous techniques may be 
employed 

a The levels of both tones may be laised equally 

b The level of the exploi mg tone mav be vai led 

c The cxploimg tone mav be turned off and on foi a shoit 
time 

d Combinations of the above mav be employed 

h Upon healing beats, the levels of both tones aie com¬ 
monly attenuated until the subject no longei heais the beats 
If beats aie still not heaid aftei decieasmg the level of the 
exploi mg tone, the level of the fundamental tone is lecoided 
and consideied to be the auial-haimonic tlneshold The lmeai 
lange is deteimined by substiacting the audibility tlneshold 
foi the fundamental tone fiom the intensity above noimal 
audiometnc zeio at which the haimonic tlneshold was ob¬ 
tained 

5 The lmeai lange is checked by canymg out the test 
fiom below the haimonic tlneshold pieviously obtained 

Foi the puiposes of this study, a lange fiom audibility 
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threshold to auial-haimomc threshold at eithei 1000 or 2000 
cps that is less than 35 db (appxoximately one standaid 
deviation fiom the mean m nonnal eais oi m cases of con- 
ductne loss) is taken as indicative of abnormal cochlear 
function 


RESULTS 

The sex, age, eai opeiated upon and the t\pe of opeiation 
perfoimed aie identified foi each case m Table III Ten 


TABLE III 


I DEXTIF1 I\G DATA OX EACH OF THE NINETEEN PATIENTS 
(TME\T\ EARS) TESTED 


Ca^e No 

Sex 


Ear 

Operation 

1_ 

.... _ „F 

2S 

Lt 

Fenestration 

9 

_ 

20 

Lt 

Fenestration 

5 

..w 

52 

Rt 

Fenestration 

4_ 

_F 

21 

Lt 

Stapes Mobilization 

5-- - — 


41 

Lt 

Stapes Mobilization 

6 _ 

_ _F 

29 

Rt 

Fenestration 

7 ... 

__F 

34 

Rt 

Fenestration 

S _ 

__F 

35 

Rt 

Stapes Mobilization 

9_ 

_M 

52 

Lt 

Stapes Mobilization 

10_ - 

_M 

31 

Rt 

Stapes Mobilization 

11 _ 

__F 

29 

Lt 

Fenestration 

12 - 

_F 

52 

Lt 

Stapes 'Mobilization 

13 ~_ 

_F 

43 

Lt 

Stapes Mobilization 

11 -_ 

_„w 

39 

Rt 

Stapes Mobilization 




Lt 

Stapes Mobilization 

15__ 

_M 

36 

Rt 

Stapes Mobilization 

16 __ 

_M 

32 

Rt 

Stapes Mobilization 

17 „ _ 

__ M 

26 

Lt 

Stapes 'Mobilization 

IS- _ 

_„M 

22 

Rt 

Fenestration 

19_ _ 

_M 

21 

Rt 

Stapes Mobilization 


males and nine females weie examined m tins study, the 
age range was from 21 to 52 years, with a mean of 35 veais 
A total of 20 ears was tested, since Case 14 was operated 
upon bilateially Data weie completelv gatheied on 19 ears 
at 1000 cps , and 17 ears at 2000 cps Of the 20 eais tested, 
the fenestiation opeiation was performed on seven and stapes 
mobilization was canned out on the lemainmg 13 

Gnoivp Observations Because the aural-harmonic test was 
admimsteied using fundamental tones of 1000 and 2000 cps 
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only, Table IV piesents the gioss data foi all measuies taken 
on each of the subjects at these two fiequencies only The 
fust gioup of seven cases aie those on which the fenestiation 
opeiation was peifoimed, and the lemaming cases submitted 
to the stapes-mobilization pioceduie The means foi the 
two sepaiate gioups, as well as the entile sample, aie piovided 
m the Table The data obtained by an- and bone-conduction 
studies weie eliminated foi those eais m which auial- 
haimonic data weie incomplete Aiithmetical calculations 
weie earned to the neaiest whole numbei 

Case 4, which will be examined m detail latei, showed a 
maiked deciease m an and bone sensitivity and m the hai- 
monic tlneshold following suigeiy Because theie was leason 
to believe that the negative lesult was due to the opeiative 
pioceduie lathei than to pool coclileai leseive pie-opeiative- 
ly, the data collected on this case weie not used m calculating 
means 

Except foi Case 4, eveiy patient showed an impiovement 
m an-conduction sensitivity at both fiequencies in question, 
langmg fiom 5 to 40 db (mean of 22 db ) at 1000 cps and 
fiom 10 to 30 db (mean of 19 db ) at 2000 cps 

Again excluding Case 4, bone-conduction sensitivity im- 
pioved fiom 5 to 30 db m 15 eais in the 1000 cps column, 
and fiom 5 to 20 db m 12 eais in the 2000 cps column The 
lemaming showed no impiovement in bone conduction, which 
was consistent at both fiequencies foi Case 10 and foi Case 
14 m the light eai The mean impiovement in bone conduc¬ 
tion foi all of the eais tested at 1000 cps was 10 db and 
9 db foi those tested at 2000 cps 

All of the cases completely tested m this study had a 
pie-opeiative lineai lange of heaung of 35 db oi gieatei, 
meeting the lequnements of noimal coclileai leseive 

A disciete auial-haimonic tlneshold was not obtained m 
Case 17 at 1000 cps , and m Cases 11, 12 and 15 at 2000 cps 
This was due to the intensity lestuctions of the fundamental 
tone m the clinical equipment used The maximum intensity 
available at eithei fiequency was 100 db i e audiometnc 
zeio In all of the cases in which pie-opeiative tlnesholds 
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could not be obtained, this intensity was not sufficiently 
high to pioduce auial hai monies, howevei, m all of these 
eais, no evidence of amplitude distortion was detected at a 
sensation level of less than 50 db , thus connoting noimal 
cochleai leserve undei the teims of delineation accepted foi 
tins study 

The harmonic thieshold at 1000 cps changed post-opeia- 
tively fiom a lineai lange that was 5 db less than the pie- 
opeiative level to one that was 10 db moie than this intensity, 
at 2000 cps the lange was fiom 10 db less to 5 db moie 
Thus theie was nevei moie than a 10 db change fiom the pie- 
opeiative to the post-opeiative lineai lange of hearing foi 
any patient tested Considenng that theie is at least a 5 
db enoi of measuiement accepted in almost all clinical 
audiometiy involving intensity mciements of 5 db , this seems 
quite stable The mean change was 3 db at 1000 cps, and 
0 db at 2000 cps In no case in which theie was post-opeia- 
tive impiovement m an conduction did the haimonic thiesh¬ 
old deciease oi mciease post-opeiatively beyond one standaid 
deviation fiom the noimal mean as given m Table II 

Because of the compaiative size of the samples, no attempt 
was made to compaie the lesults statistically m teims of 
the two types of opeiations employed, howevei, it is intei est- 
mg to note that the gieatest mean impiovement in an and 
bone conduction at 1000 cps occuned m the “fenestiated” 
gioup (25 and 16 db respectively, as compaied with 21 and 
7 db foi the “mobilized” gioup) At 2000 cps theie was 
also slightly moie impiovement m an conduction m the 
“fenestiated” gioup (21 db compaied to 18 db ) and m bone 
conduction (11 db and 8 db lespectively) 

Fig 2 is a composite audiogiam of the mean pie- and post- 
opeiative an and bone-conduction tlnesholds foi the entne 
gioup The mean haimonic tlnesholds aie also piovided 
It is immediately appaient upon examining the changes oc- 
cumng m heaung sensitivity foi the tlnee tests employed 
that theie is a definite mean impiovement in an and bone 
sensitivity foi puie tones but, compaiatively, an extiemely 
small change, if any, m the lineai lange of heaung foi the 
entne sample 
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PRE- AND POST-OPERATIVE MEANS 

125 250 500 1000 2000 4000 8000 



PRE-OP BC=< AC=0 AO=A 
POST- 0P« BC= > AC=D A0=V 


Fig 2 Graphic representation of the mean pre- and postoperative 
thresholds for air conduction bone conduction and aural-harmonics found 
in the ears in which all three tests were conducted In this studv The 
numerical mean thresholds are recorded AO refers to the aural- 
harmonic (aural-overload) threshold 


IUustiatwe Cases In oidei to dexnonstiate the particulai 
types of pioblems and lesults that anse m individual cases 
and to illustiate the diffeiences that can occui between 
patients, the results obtained in the fust five eais tested aie 
piesented and discussed The pie- and post-opeiative an, 
bone and harmonic thiesholds ie audiometric zeio aie pie- 
sented m the figuie lefened to foi each case 

Case 2\o 1 (see Fig 3) Female age 2S vears Left fenestration 
The pre-operative air and bone sensitive in this case presents a good 
prognosis for operative intervention There is an air hone gap of 30 db 
at 1000 cps and a gap of 40 db at 2000 cps A normal linear range from 
air-conduction threshold to the aural harmonic threshold confirms the 
presence of good cochlear reserve 
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PRE- AND POST-OPERATIVE 
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Fig 3 Results obtained In Case No l 
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Fig - 4 Results obtained in Case Xo 2 
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Post opeiatlvelv the good piognosis foi air conduction impi ovement Is 
borne out by a significant rise In air conduction sensitivity, pro\iding 
socially adequate lieaiing In the operated ear # however the expected 
improvement in bone conduction is not laige’ onlv 5 db at the two 
frequencies of inteiest Harmonic thresholds are impioved slightly, and 
are still well within one standard deviation of the normal mean 

The impoitant fact illustiated heie is that although in the laige 
numbei of cases there is an expected Improvement in bone sensitivity 
post-operatively it cannot alwavs be relied upon in individual cases In 
this patient there was enough of an air bone gap to insure at least fair 
cochleai reserve and the results of harmonic thieshold studies provided 
secure i enforcement of this conclusion 

Case No 2 (see Pig 4) Male age 29 vears Left fenestration The 
results obtained in this case illustrate quite lemarkably the compara 
tively stable characteristic of the linear range of hearing after successful 
surgerv as opposed to a large change in bone-conduction sensitivity, 
and shows the changing vs stable' qualitv of the two tests that is 
generally found It is evident that the pre-operative bone-conduction 
measurements were actuallv Inaccurate to the extent of 20 db at 1000 
and 2000 cps which is even a greatei degree of inadequacy than could 
be accounted for bj the application of the Carliart “notch” formula 
Again the possibility of good cochlear leserve was confirmed by a normal 
linear range of hearing 


Case No 3 (see Pig 5) Male age 52 years Right fenestration At 
first examination the data collected on this patient were almost identical 
before and after surgery at least at the middle frequencies of interest 
in this study On the basis of the pre-operative air and bone threshold 
alone the prognosis would have been good, especially aftei applying the 
notch ’ formula for bone-threshold corrections Nothing abnormal was 
noted in the pre-operative aui al harmonic threshold at 1000 cps how 
evei, the llneai lange at 2000 cps was comparativelv restricted and a 
guarded prognosis based upon selectively questionable cochlear lesene 
at 2000 cps was made 


Because of the normal linear range at 1000 cps surgerv was carried 
0U ^ °P era ^^ ve ^ there was significant Improvement In air conduction 

sensitivity for the lower frequencies but veiy little at 1000 cps and 
2000 cps Bone conduction improved only 5 db at 1000 cps and remained 
s able at 2000 cps The haimonic thresholds lemained essentially the 
same 


In retrospect it is assumed that the slightlj restiicted and unchanged 
inear range at 2000 cps indicated localized cochlear pathologj at least 
involving the h gher f.equencies This seems to be confirmed by the 
unchanged loss In bone sensitivitv at 2000 cps and the lack of improve- 
S^tgher"ftSSf post opeiatively which is associated only\ith 

Case No h (see Pig 6) Female age 21 vears left qtonno m nwn,n 
tion Although the outcome of surgery in this case was unfortmmte^t 
is chosen to illustiate the use of the am al haimonic test in detei mining 
the locus of damage in an unsuccessful pioceduie uetei mining 

Pre-operatively the test results were consistent with a diagnosis of 
good cochlear reserve and the prognosis for improvement was favoiable 

Post-operativelv we find not only a decrease in air and bone seneiHvm 
but, more significant^ a lowering of the linear mnge of hearing M 
15 db at 1000 cps and 10 db at 2000 cps These pori^perative meafure 
ments were made foui months after surgeiy and indicate n «tnhi D !!! 
dition These findings w ere interpreted as showing the present o^ mild 
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cochlear involvement of a permanent nature most probably due to opera 
tive intervention however, the conductive component is still quite large, 
and the patient may still profit by fenestration surgery 

Case Ao 5 (see Fig 7) Female, age 41 Left stapes mobilization 
The pre-operative air conduction threshold curve shows a moderate loss 
in the eai in question but of a sufficient degree to lead the patient to seek 
medical treatment The bone-conduction threshold is within normal 
limits for 500 and 1000 cps , but bone sensitivity is only 5 db better than 
the air conduction thieshold at 2000 cps On the basis of the audiogram 
alone an interpretation of poor cochlear reserve im olv ing the high fre 
quencies could easily have been made, however linearity measures at 
both 1000 and 2000 cps were found to be normal and mobilization of 
the stapes was carried out 

Post operatively, the aii-conduction curve is shifted upwards to fall 
within the noimal range for most fiequencies Bone conduction is im 
proved by 10 db at 1000 cps and 15 db at 2000 cps The level of the 
harmonic threshold remains unchanged 

This case illustrates at 2000 cps how fallacious it can be to depend 
entirely on the ‘ air bone gap” for a discriminating evaluation of cochlear 
reserve The pre-operative status of the cochlea foi stimulation by a 
tone of 2000 cps was inaccurately shown by bone measurement, as attested 
by a normal and unchanging linear range of hearing at this frequency, 
as well as a significant improvement in bone sensitivity at 2000 cps after 
surgically reducing the degree of stapes ankylosis previously present 


DISCUSSION 

The geneial obseivation that bone-conduction sensitivity 
is impioved aftei fenestiation 01 stapes-mobilization suigeiy 
m the majonty of cases of otoscleiosis is confirmed in this 
study It is safe to assume, on the basis of the evidence 
accumulated by the mvestigatois dealing with this pioblem, 
that we cannot place complete leliance on the pie-opeiative 
bone-conduction thieshold as an accutate mdicatoi of tiue 
cochleai leserve in all of these patients We also cannot 
expect a post-operative improvement in bone sensitivity of a 
certain pi e-detei mined amount in the majonty of individual 
cases It seems leasonable to assume that the otoscleiotic 
lesion, involving a 1 eduction m movement of the footplate of 
the stapes, has a dnect influence on the physiology of bone 
conduction, and that the lemoval of this condition, eithei by 
l estormg stapes mobility 01 ci eating a labynnthme fenestra, 
lestoies bone-conduction sensitivity to the level expected m 
the light of the existing cochleai function 

In attempting to explain the leasons for the general im- 
piovement of bone conduction aftei suigical intervention, 
let us leview buefly the theory of cochleai stimulation by 
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osseous conduction and discuss the piobable influence of 
otosclerotic pathology and suigei\ on the phvsiology of bone 
conduction 

The pathways of sound to the cochlea by bone conduction 
have been well defined by Guild, 2 ’’ and aie familial to all 
students of the healing piocess The osseous pathway, from 
the vibiatoi to the otic capsule dnectly thiough the bones of 
the skull, has been geneially accepted as of much gieatei 
importance than the so-called osseo-tympamc loute fiom the 
vibiatoi to the nnddle-eai cavitv and thence to the round- 
window membiane 

The two modes of cochleai stimulation that have leceived 
maximum attention m the past aie the tianslatoiy, 01 inertia, 
form of bone conduction, and the compi essional mode In 
tianslatoiy bone conduction, the contents of the cochleai cap¬ 
sule do not move m the same time relation with the bodily 
movement of the capsule itself Because of the elastic quali¬ 
ties of the oval and lound windows, the inertia of the cochleai 
fluids allows foi a time lag m movement Ineitia opposing 
the vibratory foice is also piovided bv the ossiculai chain 
When the labynnthme capsule is placed into movement, the 
footplate of the stapes lags behind, due to the lestiamt on 
the stapes piovided by the inertia of the ossiculai chain 
Thus, undei these two conditions, the cochleai fluids aie 
displaced lelative to the capsulai walls, piovidmg concomitant 
displacement of the basilai membiane and lesultant stimula¬ 
tion of the hail cells 

The compressional mode of bone conduction calls foi pen- 
odic volume displacements of the cochleai fluids in dnect 
1 elation to, and synchionous with, the periodic condensations 
and laiefactions of the stimulus sound The theory implies 
that the entile labynnthme capsule expands and contiacts 
m lesponse to stimulation, and that every portion of the 
capsulai wall is vibiated with approximately the same foice 
A compiession of the capsule would bulge out the lound 
wundow due to fluid displacement, and a laiefaction would 
have the opposite influence on the membiane In eithei case, 
lesultant movements of the basilai membiane would pioduce 
neuial stimulation 
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The studies of Baiany, 29 Bekesy' 10 and Smith' all amplify 
the impoitance of the tianslational mode of stimulation The 
compi essional foim is consideied to be less significant and 
not affected to a gieat degiee by stapes fixation Accepting 
this conclusion, we ai e led to the belief that in 01 del to achieve 
adequate stimulation of the oigan of Corti by bone-conducted 
sound, it is necessaiy to have at least two elastic membianes 
m the walls of the labyimthme capsule m oidei to piovide 
adequate mobility of the labvunthine fluids with concomitant 
activation of neuial impulses by han-cell stimulation When 
the impedance of the ossiculai chain is mci eased by stapedial 
fixation due to otoscleiosis, the noimal tianslational mode of 
cochleai stimulation by bone-conduction is alteied and, m 
the majonty of cases, bone sensitivity is 1 educed When 
noimal mobility of the fluids is lestoied, eithei by lestoiation 
of stapedial vibiation m the oval window 01 by the suigical 
piovision of a new window m the houzontal semi-cnculai 
canal, an impiovement m bone-conduction sensitivity is usual¬ 
ly seen 

That certain changes in the status of the middle eai can 
influence the accuiacy of bone sensitivity has also been borne 
out by studies involving conditions othei than otoscleiosis 
Bar any 2D studied the effect of 1 educed middle-eai an piessure 
on bone-conduction sensitivity at 435 cps, and found that m 
the normal human eais examined, bone sensitivity was ie- 
duced appioximately 10 db undei tins condition It could 
be hypothesized that the l educed an piessuie m the tympanic 
cavity loweied the noimal quality of mobility of the lound- 
wmdow membiane Recently, Palva and Ojala, 11 aftei test¬ 
ing a senes of 42 eais with catarrhal oi puiulent otitis media, 
in some of winch bone conduction was impioved aftei my- 
ungotomy, aspnation and subsequent healing, concluded that 
m certain cases of conductive-type healing loss, the initially 
lowered bone-conduction thieshold "does not necessanly in¬ 
dicate a pel ceptive involvement, but may be due to impaiied 
mobility of the oval and lound window” 

Technically, theie should be little diffeience between the 
stapes mobilization oi fenestration pioceduies m the mheient 
quantitative lestoiation of bone sensitivity l n the foimei 
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technique, the ongmal anatomic and physiological condition 
of the middle-eai stiuctuies aie functionally lestoied In 
the lattei opeiation, although the tiansfoimer action of the 
ossiculai chain is no longei piesent, theie still is a sufficient 
diffeience in the phase lelationships of the lound window 
and the fenestia to msuie adequate fluid mobility, piovidmg 
the tympanic flap adequately isolates the lound-wmdow 
membi ane 

As mentioned m the lesults of this study, it was found 
that theie was a compaiatively gieatei impiovement m the 
mean ail and bone thresholds in those eais that had undei- 
gone fenestiation suigery Except foi the mean bone- 
conduction threshold at 2000 cps , the oiigmal extent of hear¬ 
ing loss was gieatei, on the aveiage, m the “fenestiated” 
group, and yet at both fiequeneies post-opeiativelv, theie 
was a gieatei impiovement m mean thieshold m the lattei 
gioup These obseivations, though bioad and inconclusive, 
lead one to speculate whethei the formation of a new window, 
with lelatively small mlieient impedance chaiactenstics as 
compaied to the status of the noimal oval window, pioduces 
bettei opportunities for more normal fluid mobility The 
answei to this problem must, of course, await furthei ex- 
ploiation 

One important advantage of the aural-harmonic test, both 
physiologically and clinically, is its relatively stable chaiactei- 
lstic undei conditions of middle-ear pathology 01 surgical 
intervention Although normal bone-conduction sensitivity 
depends to some extent on the 1 elative normality of the middle 
eai, the piocess of lecoidmg amplitude distortion by the 
exploung-tone technique is not affected by any malfunction 
of the middle-eai mechanism Noimal measurements of 
lmeai lty may be lecoided even when the ossiculai chain, 
down to the footplate of the stapes, is lemoved 32 Thus, the 
cutical factors of fluid mobility and geneial loss m an- 
conduction sensitivity affecting bone conduction have lelative- 
ly no effect on distortion measuiements using the exploimg- 
tone technique The fact that a quantitative thieshold may 
be obtained by the auial-haimonic pioceduie connotes the 
possibility that a quantitative evaluation of cochleai function 
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may be detei mined It is appaient that such a measuie 
would be of gieat value m detei mining the efficacy of suigery, 
and it may have some impoitance in discerning the relative 
advantages of one opeiative technique ovei anothei in an 
individual case, howevei, until a much gieatei pathological 
sample is studied, we must be satisfied with the piesent use 
of the pioceduie m diagnostically delineating cochleai in¬ 
volvement 

In studying and endeavoung to intei pi et the means pie- 
sented in Table IV, it must be emphasized that in the lealm 
of opeiative piognosis in the patient with otoscleiotic deafness 
we aie concerned with disci ete and individual anatomic, 
physiological and pathological pioblems that may vaiy ie- 
maikably with each patient encounteied Although the appli¬ 
cation of ceitam gioup measuiements of auditoiy function 
to an individual case may be helpful in pointing out a geneial 
tiend, they cannot be lelied upon implicitly to give an aecuiate 
pictuie of futuie measuiements This is especially so aftei 
opeiative inteivention with all of the concomitant paiameteis 
of technique involved, and unknown lesultant changes in the 
physiological conduction of sound by the middle-eai mechan¬ 
ism m the case of the stapes-mobilization pioceduie Foi 
example, m only one eai m this study (Case 5) weie pie- 
opeiative collections of the bone-conduction cuive, as de¬ 
tei mined by the “otoscleiotic notch” pimciple, confnmed 
post-opeiatively The pumaiy impoitance of this pi mciple 
is that it has bi ought to the attention of otologists the fact 
that a pie-opeiative bone-conduction audiogiam obtained m 
an eai with otoscleiosis is a lelatively maccuiate indication 
of the actual capacity of the oigan of Corti to be stimulated 
by sound conducted thiough the osseous pathway 

In being cutical of gioup lesults obtained by bone-conduc¬ 
tion testing, it would also seem consistent to be equally 
cutical of gioup means obtained by the auial-haimomc test, 
howevei, it must be emphasized that a diffeient physiological 
pi mciple is involved in measunng cochleai distoition We 
need not be concerned with the possible changes m the 
anatomical 01 physiological condition of the middle eai since 
any changes, even of a gioss natuie, have an insignificant 
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effect on the measuiement of cochlear distoition m teims of 
sensation le\el The studies of Wevei, Brav, and Lawience 
on animals, 1 ' a:: 33 31 and the lesults obtained m human eais 
such as tested m this study, substantiate this conclusion 


One mam obseivation is emphasized In the patients tested 
in this study, it vas foimd that theie is less change m the 
mean harmonic thieshold post-opeiativelv than in the mean 
bone-conduction threshold, and that in teims of accuiacj and 
stability it is felt that moie leliance can be placed on the 
auial-harmonic test as a dnect measuie of cochleai function 
This obseivation seems of value in obtaining moie consistent 
pie-opeiative measuies of cochleai function in cases of clinical 
otoscleiosis, howevei, of fai gieatei impoitance, we feel, aie 
the obseivations and intei pi etations made m the individual 
case with lespect to vanations and consistencies m the two 
techniques 


In conclusion, it seems somewhat fallacious m developing 
a prognosis for eithei fenestiation oi mobilization suigery 
to be satisfied with the pi mciple of “closing the an-bone gap” 
as determined by pie-operative examination It is certainly 
tiue that successful opeiative intervention will, in most cases, 
bung an-conduction sensitivity close to the pre-opeiative 
bone tlnesliold, hovevei, it is oui belief that the otologic 
suigeon still has the lesponsibility of determining the condi¬ 
tion of cochleai function as accuiately as possible, befoie 
attempting to pi edict the effects of suigery m the individual 
case The companson of an- and bone-conduction sensitivity 
alone is not adequate in most cases Qualitative judgments 
can be made with other tests, such as loudness-balance re¬ 
el uitment techniques, the disci immation scoie foi speech, etc 
Oui expeilence with the auial-harmonic test as one of a 
battery of such pioceduies has been very helpful The use 
of this technique as an actual quantitative measuie of cochleai 
function has mteiestmg potentialities, and the accumulation 
of data m a significantly laige sample of otoscleiotic eais is 
now being earned out m an attempt to determine the meiit 
of this possibility 
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SUMMARY 

Peitment liteiatuie is leviewed, citing evidence foi the 
post-opei ative impiovement of bone-conduction sensitivity 
m the eai with a heaung loss due to clinical otoscleiosis It 
is emphasized that in most cases the measuiement of bone- 
conduction thiesholds m the eai with otoscleiotic pathology 
may give an maccuiate pictuie of the tiue capability of the 
oigan of Corti to lespond to osseous stimulation 

The theoiy behind the auial-haimonic (auial-oveiload) 
test as a measuie of cochleai function is buefly leviewed, 
and pievious studies on human eais aie discussed In oidei 
to compaie the lelative stability of the two techniques (bone- 
conduction and haimomc measuiements) in the evaluation 
of cochleai leseive, an-conduction, bone-conduction and auial- 
harmonic thiesholds weie obtained befoie and aftei eithei 
stapes mobilization 01 fenestiation suigeiy in 19 patients 
with clinical otoscleiosis A total of 20 eais was examined 

It was found that at 1000 cps theie was a mean impiove¬ 
ment of 22 db for an conduction, 10 db by bone conduction, 
and a mean change in the lmeai lange of heaung of only 3 
db In the eais tested completely at 2000 cps, a mean im¬ 
provement of 19 db in the an-conduction thieshold, a change 
of 9 db m bone conduction, and no mean change m the 
haimomc thieshold was found, thus, m this sample, the 
auial-harmonic test was found to be a moie stable measuie 
than the bone-conduction threshold Five lllustiative cases 
aie presented and discussed 

The influences of stapes ankylosis and suigical intei vention 
on the physiology of bone conduction aie discussed It is con¬ 
cluded that more reliance must be placed on audiometnc 
techniques that aie not influenced by anatomic and physio¬ 
logical changes m the middle ear in attempting to judge the 
status of the oigan of Coiti adequately The aural-harmonic 
test, as one of a batteiy of such techniques, is pioposed as an 
adjunct to a complete diagnostic evaluation of the patient 
with clinical otosclerosis 
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THE CONTROL OF ITCHING OF THE EXTERNAL EAR 
WITH SANDOSTENE® 

Wallace Rubin, M D , 
and 

Jack R Anderson, M D , 

New Oi leans, La 

A number of mvestigatois have reported the effective use 
of Sandostene® in lelievmg piuntis associated with a vanety 
of alleigic deimatologic conditions This is a fust leport of 
the use of this piepaiation exclusivelv foi the lehef of piuntis 
associated with external eai conditions We have evaluated 
Sandostene® in 147 cases of itching associated with pathology 
of the external eai The conti ol of itching has been diamatic, 
and the incidence of side effects has been minimal 

Sandostene® chemically is l-MethyM-ammo-N^phenyl-N 1 - 
(2 1 -thenyl) pipendme tartiate The diug is commercially 
available as an enteric coated tablet, each tablet containing 
25 milhgiams of~the active substance Phaimacologicallv, 
Sandostene® has been shown to exhibit a vanety of effects 
winch would influence alleigic piocesses Its thiee physiologic 
actions, antipeimeability, anticholonei gic action and hista¬ 
mine antagonism make it ideally suited foi the tieatment of 
piuntis, as well as foi conti oiling alleigic lesponses 

The conti ol of itching m the external eai is a most impor¬ 
tant theiapeutic pioblem The patient tiaumatizes the skin 
of his eai canal in an attempt to 1 eh eve the symptoms of itch¬ 
ing, and in this way opens the pathway foi infection Sciatch- 
mg is an attempt to leplace the burning, itching feeling with 
a less unpleasant sharpei sticking but moie painful sensa¬ 
tion The painful sticking sensation leplaces the burning 
itching sensation even though itching fibeis aie still being 
stimulated As soon as we stop scratching, the painful sen¬ 
sations of short duiation cease, and the itching sensation 
again becomes pionounced We then try to leplace it with 

Editor s Note This manuscript received In the Laryngoscope Office and 
accepted for publication Nov 7 1957 
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sticking pam by sciatchmg, and the moie we sciatch the 
moie aftei dischaige of unpleasant itch occuis The sciatch- 
mg tiaumatizes the eai canal, and in this way secondaiy in¬ 
fection can begin 


MATERIAL AND METHOD 

Tins study was based on obseivations made m 147 patients 
seen m pnvate piactice ovei a penod of appioximately one 
yeai All complained of vanous degiees of itching associated 
with pathology of the external eai In some cases the pathol¬ 
ogy was primary m the external eai, and m a numbei of 
cases the pathology was secondaiy to middle eai infections 

This study was designed to evaluate the symptomatic leliet 
of itching and to determine whether the lelief of itching in¬ 
fluenced the length of time necessaiy to contiol the pathologic 
condition We weie intei ested m determining the most ef¬ 
fective dosage of Sandostene® foi conti ollmg itching, and we 
weie further intei ested in determining whethei we could 
pi event external eai infections which weie due to sciatchmg 
the skin of the eai canal m an attempt to lelieve itching 

dosage 

Sandostene® m 25 mm tablets, coated and uncoated, weie 
available at vanous times duung oui study Oui dosage 
loutme vaned and was influenced by the response of the 
patient In acute conditions wheie theie was infection and 
maiked itching, we started the patient on 50 mgm Sando¬ 
stene®, four times a day When theie was no lelief with the 
first 24 houis, we mstiucted the patient to double the dosage 
so that the total dosage would leach 400 mgm pei day In in¬ 
stances wheie theie were side effects of diowsmess oi nausea 
we instructed the patient to di op the dosage to 25 mgm foui 
times a day 

Aftei a 72-houi-dosage schedule such as outlined above, 
the patients weie instructed to cut the dosage of Sandostene® 
to eithei 25 or 50 mgm as necessaiy foi itching In a small 
numbei of cases wheie the medication was used foi children 
oi in adults who could not easily swallow tablets, Sandostene® 
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syiup was used Theie seemed to be no difference in the 
theiapeutic effectiveness of the medication when used m the 
foim of syiup 

Patients leported lelief fiom itching in 20 to 30 minutes 
when Sandostene® was used The duiation of effect was very 
difficult to evaluate, as the medication was taken loutmely 
at foui houi intervals in acute cases When the patients 
weie on the PRN dosage schedule, they expenenced lelief 
fiom itching foi as long as 24 to 48 houis Obviously, this 
did not indicate a piolonged Sandostene® effect, but lathei 
that itching did not lecui 


TABLE i 


Iso of Other Belief of Itching- Side 

Diagnosis Patients Dosage Treatment 'Within 24 Hours Effects 

200mg Dry 

per da\ Other Comp Part isone mouth Nausei 


Diffuse External Otitis_ 

69 

60 

19 

51 

60 

6 

3 

3 

4 

Eczematoid Ext Otitis^ 

33 

26 

7 

24 

27 

3 

3 

2 

4 

Secondary External Otitis 

; 9 

8 

1 

9 

2 

4 

3 

1 

0 

Postoperative_ 

6 

5 

1 

6 

0 

3 

3 

1 

0 

Perforation -- 

1 

1 

0 

1 

1 

0 

0 

0 

0 

Chronic Otitis Media 

2 

2 

0 

2 

1 

1 

0 

0 

0 

Otonn costs —-__ 

. 6 

4 

2 

6 

0 

0 

0 

0 

0 

External Canal Pruritis 

(No Specific Etiology) 

6 

6 

0 

0 

4 

2 

0 

0 

0 

Circumscribed External 

Otitis _ 

24 

19 

5 

15 

9 

9 

b 

1 

0 


RESULTS 

The summaiy of findings aie indicated in Table I The 
summary indicates that the majonty of cases tieated weie 
eithei diffuse external otitis 01 eczematoid external otitis 
Theie was lelief of itching m appioximately 90 pei cent of 
these cases within 48 houis The majonty of these cases 
weie using othei local and systemic medications to contiol 
the diffuse infection In oui experience only 30 pei cent of 
patients aie lelieved of itching with the usual geneial oi local 
theiapeutic agents 

In the classifications of otomycosis and external otitis 
secondary to middle eai pathology the lelief of piuntis was 
piompt and complete, regaidless of the causative oigamsm 
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Of special intei est to us weie the cases in the categoiy of 
external canal piuntis with no specific etiology Heie again 
theie was complete lelief of itching, this theiapeutic lesponse 
was not lepioducible with any othei medication 

The categoiy m winch the pool est lesults weie obtained 
was in the cncumscnbed external otitis Relief of itching 
w as obsei ved in only about 50 pei cent of the cases, and this 
closely appioximated the lesults obtained with othei medica¬ 
tions 


SAFETY 

The incidence of side effects was appioximately 10 pei cent 
Nausea and maiked diyness of the mouth weie expenenced, 
but neithei weie of paiticulai consequence as they weie ie- 
lieved by cessation of the use of the medication In all but 
two cases the patients weie able to continue the use of the 
diug, as the side effects weie so minimal in natuie In only 
two cases did the patients volunteei the symptom of nausea 
oi diyness of the mouth In the othei 13 cases we had to 
elicit the symptom by dnect questioning of the patients 

CONCLUSION 

In oui senes of 147 cases external canal pathology we 
have found that Sandostene© is an excellent theiapeutic tool 
foi the subjective lelief of itching It piovided lelief of 
itching in 90 pei cent of the cases studied and is, theiefoie, 
an excellent adjunct medication m the treatment of external 
otitis It is oui belief that one of the pi unary factois m 
the pathophysiology of external canal infections, such as ex¬ 
pel lenced m moie humid climates, and infections associated 
with swimming, is that the patient lesponds to the itching of 
the eai canal by sciatclnng The tiauma inflicted opens 
pathways of infection that weie not piesent, and an eai canal 
infection ensues 

We have found that the use of Sandostene® foi symptomatic 
lelief of itching is extiemely effective m pi eventing eai in¬ 
fections Individuals who have consideied themselves as hav¬ 
ing chionic eai infections have been amazed to find that 
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then flareups w ei e few and fai between when Sandostene® 
was used foi the symptomatic conti ol of itching Pi eventing 
scratching and subsequent tiauma of the skm of the eai 
canal maintains the pH of the skm of the ear canal and thus 
pi events the development of conditions conducive to infection 

SUMMARY 

1 90 pei cent of the patients tieated obtained lehef of 
piuntis, within the fust 24 houis of Sandostene®, theiapv 

2 We have found that 50 mgm of Sandostene®, foui times 
daily, is the piefened dosage foi the first 72 houis, aftei 
that time dosage is alteied to eithei 25 oi 50 mgm taken as 
necessary foi itching 

3 We have furthei found that childien can toleiate sumlai 
dosages eithei m the compiessed tablet form oi in the foim of 
Sandostene® syrup 

4 Ten pei cent of cases experienced side effects of eithei 
nausea oi exti emely drv mouth, but m all cases the side effects 
lesponded either to lowenng the dosage oi discontinuing the 
drug 

We have found no essential lelationship between the cause 
of the external auditory piuntis and the ability of Sando¬ 
stene® to piovide relief of itching We feel very stiongly 
that Sandostene® is an excellent agent to be used foi its anti¬ 
pruritic effect m external auditory canal pathology 

BIBLIOGRAPHY 

1 Baker, Keweth B A New Anti Histaminic for the Treatment of 
Dermatologic Disorders S W Med Julv, 1955 

2 Cm lett i A. and Rotttltw E The Pharmacological Basis of Calcium 
Antihistamine Combination Internet Arch Allergy and Applied Im 
munol 6 4 1954 

3 Cleix Noritat W A New Anti-Histamine for Treatment of Yarions 
Allergic Manifestations Ann Allergy ; March April 1955 

4 Lexdemayr tV Experience with Sandostene Combined with Cal 
cium Sandoz (ASZ 16) in the Treatment of Allergic Skin Diseases 
Internet Arch Allergy and Applied Immunol, 7 1, 1955 

5 Sextuhia B H et al. Svmposlum Medical Management of Chron 

•Sandostene© supplied by Sandoz Pharmaceuticals Division of Sandoz 
Chemical Works Inc. Route 10 Hanover N J 
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Of special intei est to us weie the cases m the categoiy of 
external canal piuutis 'with no specific etiology Heie again 
theie was complete lelief of itching, this theiapeutic response 
was not lepioducible with any othei medication 

The category in winch the pool est lesults weie obtained 
was m the cncumscnbed external otitis Relief of itching 
was obseived m only about 50 pei cent of the cases, and this 
closely appioximated the lesults obtained with othei medica¬ 
tions 


SAFETY 

The incidence of side effects was appioximately 10 pei cent 
Nausea and maikecl diyness of the mouth weie expenenced, 
but neithei weie of paiticulai consequence as they weie ie- 
lieved by cessation of the use of the medication In all but 
two cases the patients weie able to continue the use of the 
diug, as the side effects weie so minimal m natuie In only 
two cases did the patients volunteei the symptom of nausea 
oi diyness of the mouth In the othei 13 cases we had to 
elicit the symptom by dnect questioning of the patients 

CONCLUSION 

In oui senes of 147 cases external canal pathology we 
have found that Sandostene® is an excellent theiapeutic tool 
foi the subjective lelief of itching It provided lelief of 
itching m 90 pei cent of the cases studied and is, theiefoie, 
an excellent adjunct medication in the treatment of external 
otitis It is oui belief that one of the pnmary factois m 
the pathophysiology of external canal infections, such as ex¬ 
perienced m moie humid climates, and infections associated 
with swimming, is that the patient lesponds to the itching of 
the eai canal by sciatchmg The tiauma inflicted opens 
pathways of infection that weie not piesent, and an eai canal 
infection ensues 

We have found that the use of Sandostene® foi symptomatic 
lelief of itching is extiemely effective m pi eventing eai in¬ 
fections Individuals who have consideied themselves as hav¬ 
ing chionic ear infections have been amazed to find that 
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their flaieups weie few and fai between when Sandostene® 
was used foi the symptomatic control of itching Pi eventing 
scratching and subsequent tiauma of the skm of the ear 
canal maintains the pH of the skm of the ear canal and thus 
pi events the de\elopment of conditions conducive to infection 

SUMMARY 

1 90 pei cent of the patients tieated obtained lelief of 
pruritis, within the fust 24 horns of Sandostene®, theiapy 

2 We have found that 50 mgm of Sandostene®, foui times 
daily, is the piefeired dosage foi the fust 72 hours, after 
that time dosage is alteied to eithei 25 oi 50 mgm taken as 
necessary foi itching 

3 We have furtliei found that childien can toleiate similar 
dosages eithei in the compi essed tablet form oi in the form of 
Sandostene® syrup 

4 Ten pei cent of cases experienced side effects of eithei 
nausea oi extiemely dry mouth, but in all cases the side effects 
responded eithei to lowenng the dosage oi discontinuing the 
drug 

We have found no essential lelationship between the cause 
of the external auditory piuntis and the ability of Sando¬ 
stene® to piovide lelief of itching We feel very stionglv 
that Sandostene® is an excellent agent to be used foi its anti¬ 
pruritic effect m external auditory canal pathology 
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ic Otic Skin Infections Trans Amcr Acad Ophtliahnol and Otolaryngol , 
Sept Oct, 1954 

6 SEMtuniA, B H, et al An Evaluation of Certain Therapeutic 
Adjuncts and Procedures in the Treatment of Acute Diffuse External 
Otitis The Lvbxagoscope, Dec 1954 

7 Se^turiv, Bea H. Diffuse External Otitis Pathogenesis and Treat 
ment The Dvrya go scope, May, 1955 


COURSE IN RECONSTRUCTIVE NASAL SURGERY 

The Department of Otolaryngology, University of Cincin¬ 
nati College of Medicine, announces a Course m Reconstruc¬ 
tive Suigery of the Nasal Septum and External Pyramid The 
course will be undei the dnection of Di Maurice H Cottle, 
Piofessor of Otolaryngology, Chicago Medical School, and a 
selected faculty, in association with the American Rhmologic 
Society, April 12 through Apul 19, 1958 Class membeiship 
limited Tuition $350 00 Please apply to Di Henry M Good¬ 
year, Professoi of Otolaryngology, College of Medicine, Eden 
and Bethesda Avenues, Cincinnati 19, Ohio 



THE 11TH CONGRESS OF THE INTERNATIONAL 
ASSOCIATION OF LOGOPEDICS AND PHONIATRICS 


The 11th Congiess of the International Association of 
Logopedics and Phoniatrics will take place m London, August 
17-22, 1959 The following official leports will be piesented 
The Inheritance of Voice and Speech Disoideis, Piof R 
Luchsingei, MD, Zunch, Defects of Articulation, Munel 
Morley, B Sc , F C S T , Newcastle, The Physiology and 
Pathology of the Soft Palate, Pi of Lucio Cioatto, MD, 
Padua The official languages of the Confeience will be 
English, French, and German 

Those woikmg m the field of Speech and Voice Theiapy 
and all who aie intei ested m this specialty aie invited to 
attend and to submit papers 

If intending to be piesent, whethei submitting a papei or 
not, please inform the Congiess Secietary at the eailiest 
possible date 

Papeis aie invited on subjects relevant to the three mam 
leports oi any othei aspect of" speech and voice Only one 
contubution will be accepted fiom any one membei of the 
Congiess and this must not have been pieviously published 
The Committee leserves the light to select papers Papers 
should be lestucted to 15 minutes m length, demonstiations 
to 10 minutes In special cases 20 minutes may be allowed foi 
a papei of gieat importance but only if application is made 
at the time of submitting the title Should a group of four 
oi moie people wash to piesent a symposium oi a piepaied 
discussion on a theme, consideiation will be given to allocating 
up to one houi foi such a conti lbution 

Titles must be leceived by Septembei, 1958 Summanes 
must be leceived not latei than Novembei 15th, 1958 

All communications aie to be sent to Peggy Cartel, 
L C S T , 46 Canonbury Squaie, London, N 1 
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SUBCOMMITTEE ON HEARING IN CHILDREN 


The Ameucan Academy of Ophthalmology and Otolaryn¬ 
gology, through its Subcommittee on Hearing m Children of 
the Committee on Conseiration of Hearing, has been conduct¬ 
ing a long-term nationwide studv of problems relating to the 
conserv ation of hearing m children The specific aims are to 
derelop the most efficient case-finding methods and to use 
these methods m estimating the magnitude of the problem in 
the country, to studv state laws and review current practices 
and facilities foi rehabilitation of hearing impaired children, 
to help develop methods foi medical and surgical rehabilita¬ 
tion standaids, and ultimately to use the Subcommittee find¬ 
ings in assisting professional workers to improve and enhance 
progiams m hearing loss 

In the second vear of operations, a full-time Executive 
Directoi has been engaged, and offices established at the 
Giaduate School of Public Health, University of Pittsburgh 
An mitral study is being conducted m Pittsburgh to identify 
early medical signs and s run p to ms which may indicate danger 
of hearing impairment, to measure the psychological, social 
and other effects of such impairment and to develop efficient 
and economical methods foi the testing of hearing in children 
The Pittsburgh studv is a cooperative effort among the fol¬ 
lowing The Subcommittee on Hearing m Children, the 
Graduate School of Public Health and the School of Medicine 
of the University of Pittsburgh, the Pittsburgh Board of 
Public Education, and the Allegheny County Department of 
Health. 

The members of the Subcommittee on Hearing in Children 
are Dr John E Bordlev, Baltimore, Dr Victor Goodhill, 
Los Angeles, Dr Hollie E McHugh, Montreal, Dr S Rich¬ 
ard Silverman, St Louis, and Dr Raymond E Jordan, 
(Chairman) Pittsburgh. An advisory committee of consult¬ 
ants from the University of Pittsburgh includes Dr Samuel M 
Wishik, Dr Leo G Doerfler, and Dr Isidore Altman. Grants 
from the United States Children's Bureau through the Penn¬ 
sylvania Department of Health and from the National In¬ 
stitutes of Health are providing fmancial support 
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DIRECTORY OF OTOLARYNGOLOGIC SOCIETIES 

(Secretaries of the various societies are requested to keep this 
Information up to date) 


AMERICAN ACADEMY OF OPHTHALMOLOGY AND 
OTOLARYNGOLOGY 

President Dr Erling W Hansen, 90 So Ninth St, Minneapolis, Minn 
Executive Secretary Dr William L Benedict, Mayo Clinic, Rochester, 
Minn 

Meeting Palmer House, Chicago, Ill 


AMERICAN BOARD OF OTOLARYNGOLOGY 

Meeting Palmer House, Chicago, Ill 


AMERICAN BRONCHO ESOPHAGOLOGICAL ASSOCIATION 

President Dr Walter Hoo\er, 605 Commonwealth Bldg, Boston, Mass 
Vice-President Dr Walter P Work, 384 Post SL, San Francisco Calif 
Secretary Dr F Johnson Putney, 1719 Rittenhouse Square, Philadel 
phia, Pa- 

Treasurer Dr Verling K. Hart, 106 W 7th SL, Charlotte, N C 
Meeting Mark Hopkins Hotel, San Francisco, Calif, May 21-23, 1958 


AMERICAN LARYNGOLOGICAL ASSOCIATION 

President Dr Harry P Schenk, 326 S 19th St, Philadelphia 3 Pa- 

Secretary Dr James H Maxwell University Hospital Ann Arbor Mich 

Place Fairmont Hotel, San Francisco Calif , May 19 20, 1958 

AMERICAN LARYNGOLOGICAL, RHINOLOGICAL AND OTOLOG1CAL 

SOCIETY, INC 

President Dr Lawrence R- Boies, University Hospital, Minneapolis 14, 
Minn 

Secretary Dr C Stewart Nash 700 Medical Arts Bldg, Rochester 7, 
N \ 

Place Mark Hopkins Hotel San Francisco, Calif May 21 23 1958 
Place The Homstead Hot Springs, Va,, March, 1959 

AMERICAN MEDICAL ASSOCIATION, 

SECTION ON LARYNGOLOGY, OTOLOGY AND RHINOLOGY 

Chairman Dr Gordon D Hoople, Syracuse, N Y 
Vice-Chairman Dr Kenneth L Craft, Indianapolis, Ind. 

Secretary Dr Hugh A Kuhn Hammond, Ind 

Representative to Scientific Exhibit Walter Heck, M.D, San Francisco, 
Calif. 

Section Delegate Gordon Harkness, M D , Davenport, Iowa 
Alternate Delegate Dean Lierle, M Iowa City, Iowa, 
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SUBCOMMITTEE ON HEARING IN CHILDREN 

The Amencan Academy of Ophthalmology and Otolaryn¬ 
gology thiough its Subcommittee on Heaung in Children of 
the Committee on Conseivation of Hearing, has been conduct¬ 
ing a long-term nationwide study of pioblems relating to the 
conservation of heaung m children The specific aims are to 
develop the most efficient case-finding methods and to use 
these methods m estimating the magnitude of the problem m 
the country, to study state laws and review current practices 
and facilities foi lehabihtation of healing impaired children, 
to help develop methods foi medical and surgical rehabilita¬ 
tion standaids, and ultimately to use the Subcommittee find¬ 
ings m assisting piofessional workeis to improve and enhance 
progiams m heaung loss 

In the second yeai of operations, a full-time Executive 
Dnectoi lias been engaged, and offices established at the 
Giaduate School of Public Health, Univeisity of Pittsburgh 
An initial study is being conducted m Pittsbuigh to identify 
eaily medical signs and symptoms which may indicate danger 
of hearing impairment, to measuie the psychological, social 
and othei effects of such impairment and to develop efficient 
and economical methods foi the testing of hearing m children 
The Pittsbuigh study is a coopeiative effort among the fol¬ 
lowing The Subcommittee on Hearing in Children, the 
Graduate School of Public Health and the School of Medicine 
of the University of Pittsburgh, the Pittsbuigh Board of 
Public Education, and the Allegheny County Department of 
Health 

The members of the Subcommittee on Hearing in Children 
are Di John E Bordley, Baltimore, Dr Victor Goodhill, 
Los Angeles, Dr Hollie E McHugh, Montreal, Dr S Rich¬ 
ard Silverman, St Louis, and Dr Raymond E Joidan, 
(Chairman) Pittsburgh An advisory committee of consult¬ 
ants fiom the University of Pittsburgh includes Dr Samuel M 
Wishik, Dr Leo G Doerflei, and Dr Isidore Altman Giants 
from the United States Childien’s Bureau through the Penn¬ 
sylvania Department of Health and from the National In¬ 
stitutes of Health are providing financial support 
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ASOCIACION DE OTO-RINO LARINGOLOGia DE BARCELONA, SPAIN 

Presidente Dr J Abello 

Vice-Presidente Dr Luis Sune Medan 

Secretario Dr Jorge Perellb, 319 Pro\enza, Barcelona. 

Vice-Secretario Dr A PinarL 
\ocal Dr J M Ferrando 


BALTIMORE NOSE AND THROAT SOCIETY 

Chairman Dr Walter E Loch. 1039 No Calvert St. Baltimore, Maryland 
Secretary Treasurer Dr Theodore A Schwartz 


BUENOS AIRES CLUB OTOLARINGOLOG1CO 

Presidente Dr K Segre 
Vice-Presidente Dr A P Belou. 

Secretario Dr S A Aranz 
Pro Secretario Dr J M Tato 
Tesorero Dr F Games 
Pro Tesorero Dr J A Bello 

CANADIAN OTOLARYNGOLOGICAL SOCIETY 
SOCIETE CANADIENNE D’OTOLARYNGOLOGlE 

President Dr Robert T Hayes, 42 Cobourg St, St John N B 
Secretam Dr Donald M McRae, 324 Spring Garden Rd Halifax, N S 
Meeting No\a Scotian Hotel Halifax, N S June 9 11 195S 

CENTRAL ILLINOIS SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr G C Otrlch, Belleville, Ill 

President Elect Dr Phil R. McGrath Peoria, Ill 

Secretary Treasurer Dr Alfred G Schultz, Jacksonville, Ill 


CHICAGO LARYN GO LOGICAL AND OTOLOGICAL SOCIETY 

President Dr Stanton A Friedberg 122 So Michigan Ave , Chicago 3, 
Ill 

Vice-President Dr Maurice Snitman, 408 So 5th Ave Maywood, DL 
Secretary Treasurer Dr Fletcher Austin 700 No Michigan Ave, Chi 

cago 11 IU 

Meeting First Monday of each Month October through May 


CHILEAN SOCIETY OF OTOLARYNGOLOGY 

President Dr Enrique Grtinwald S 
Vice President Dr Agustin Estartus 
Secretary Dr Marcos Chaimovich S 
Treasurer Dr Benjamin Kapkan K. 

Director Dr Alberto Basterrica A 

DALLAS ACADEMY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr Ludwig A Michael, 3707 Gaston Ave, Dallas, Tex. 
Vice-President Dr Hal W Maxwell 

Secretary Treasurer Dr Edward A Newell, 1511 No Beckley, Dallas 8 
Tex, 
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AMERICAN OTOLOGICAL SOCIETY, INC 

President Dr Dean M Lierle, State University of Iowa, Iowa City, la 
Secretar} Dr Lavience R Boies, University Hospitals, Minneapolis 14, 
Minn 

Place Faiimont Hotel San Francisco Calif, May 17 18, 1958 
Place The Homestead, Hot Springs, Ya , 1959 

AMERICAN OTORH1 NOLOGIC SOCIETY FOR THE ADVANCEMENT 
OF PLASTIC AND RECONSTRUCTIVE SURGERY 

President Dr Joseph Gilbert, 111 E 61st St, New York, N Y 
Vice President Dr Kenneth Hinderer, 402 Medical Arts Bldg, Pitts 
burgh Pa 

Secretarv Dr Louis Joel Felt, 66 Park Ave, New York 16, N Y 
Treasurer Dr Arnold L Caron, 36 Pleasant St, Worchester, Mass 


AMERICAN RH1NOLOG1C SOCIETY 

President Dr Russell I Williams, 408 H>nds Bldg, Cheyenne W>o 
Secretary Dr Robert M Hansen, 1735 No Wheeler Ave , Portland, Ore 
Annual Clinical Session Illinois Masonic Hospital, Chicago, Ill, October 
1968 

Annual Meeting October 1958, Chicago III (Definite time and place to 
be announced later) 


AMERICAN SOCIETY OF FACIAL PLASTIC SURGERY 

President Dr Irvin J Fine, 506 New Brunswick Ave Perth Amboy 
N J 

^Secretary Dr Samuel M Bloom, 123 East 83rd St, New York 28 N Y 
Meeting Columbus Ohio, March 7-8, 1958 

AMERICAN SOCIETY OF OPHTHALMOLOGIC AND 
OTOLARYNGOLOGIC ALLERGY 

President Dr Joseph W Hampse> Grant Bldg, Pittsburgh 19 Pa 
Secretary Treasurer Dr Daniel S DeStio, 121 S Highland Ave, Pitts 
burgh 6 Pa 

Annual Meeting Palmer House Chicago Ill October 16 17, 1958 

ASSOCIACAO MEDICA DO INSTITUTO PEN1DO BURNIER— 

CAM PI NAS 

President Dr Lech Junior 
First Secretary Dr Franco do Amaral 
Second Secretary Dr J M Quelroz Abreu 
Librarian Treasurer Dr Souza Quelroz 

Editors for the Archives of the Society Dr Guedes de Melo Filho, Dr 
Antonio de Almeida and Dr Gabriel Pdrto 
Meetings Twice every month first and third Thursday 8 30 P M 


ASOCIACION DE OTOR RINOLARINGOLOGIA 
Y BRONCOESOFAGOLOGIA DE GUATEMALA 

President© Dr Julio Quevedo 15 Calle Oriente No 5 
First Vice-Presldente Dr Hector Cruz 3a Avenlda Sur No 72 
Second Vice-Presidente Dr Jos6 Luis Escamilla, 6a Calle Poniente 
No 48 

Secretario-Tesorero Dr Horace Polanco 13 Calle Poniente No 9 D 
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LOS ANGELES SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr Sol Rome 
Secretary Treasurer Dr Max E Pohlman 
Chairman of Ophthalmology Section Dr Richard Kratz 
Secretary of Ophthalmology Section Dr Carrall A. McCoy 

Chairman of Otolaryngology Section Dr Howard G Gottschalk. 

Secretary of Otolaryngology Section Dr Robert W Godwin 
Place Los Angeles County Medical Association Bldg, 1925 Wllshire 
Bl\ d Los Angeles Calif 

Time 6 30 P M last Monday of each month from September to June, 
inclusive—Otolaryngology Section 6 30, first Thursday of each month 
from September to June, inclusive—Ophthalmologv Section 

LOUISIANA MISSISSIPPI OPHTHALMOLOGICAL 
AND OTOLARYNGOLOGICAL SOCIETY 

President Dr H K, Rouse, 1300 27th Ave , Gulfport, Miss 
Vice-President Dr A J McComiskey, 3420 Prytonia SL, New Orleans, La- 
Secretary Dr Edlev H Jones 1301 Washington SL Vicksburg, Miss 
Meeting 

MEMPHIS SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

Chairman Members serve as chairmen in alphabetical order monthly 
Secretary Treasurer Dr Roland H Myers, 1720 Exchange Bldg, Mem 
phis, Tenn 

Assistant Secretary Treasurer Dr William F Murrah, Jr, Exchange 
Bldg, Memphis Tenn 

Meeting Second Tuesday in each month at S 00 pm at Memphis Eve 
Nose and Throat HospitaL 


MEXICAN ASSOCIATION OF PLASTIC SURGEONS 

President Dr Cesar LaBoide, Mexico, D F 
Vice-President Dr M Gonzales Ulloa, Mexico, D F 
Secretary Dr Juan De Dios Peza Mexico D F 


MISSISSIPPI VALLEY MEDICAL SOCIETY 

President Dr Arthur S Bristow, Pnnceton, Mo 

Secretary Treasurer Dr Harold Swanberg Quincy, Ill 

Assistant Secretary Treasurer Dr Jacob E Reisch Springfield Ill 

NETHERLANDS SOCIETY OF OTORHINOLARYNGOLOGY 
(Nederlandsche Keel Neus-Oorheelkundige Vereemglng ) 

President Dr H. Navis Sonsbeehweg 6 Arnhem 

Secretary Dr W H Struben J J Viottastraat 1 Amsterdam. 

Treasurer Mrs F Velleman Pinto Jac Obrechtstr 66, Amsterdam 

NORTH CAROLINA EYE, EAR, NOSE AND THROAT SOCIETY 

President Dr J C Peele Kinston Clinic, Kinston N ^ 

Vice-President Dr George E Bradord Winston Salem N C 
Secretary Treasurer Dr J D Stratton, 1012 Kings Drive, Charlotte 7 
N C 
Meeting 


203 



FEDERACION ARGENTINA, 

DE 80CIEDADES DE OTORRINOLAR1NGOLOGIA 

Secretary of the Interior Prof Dr Atilio Viale del Can’ll 
Secretary of Exterior Dr Aldo G Remorino 
Secretary Treasury Prof Dr Antonio CarrascoBa 
Pro Secretary of the Interior Prof Dr Carlos P Mercandluo 
Pro Secretary of the Exterior Prof Dr Jaime A- del Sel 
Pro Secretary of the Treasury Dr Jorge Zubizarreta 


FIRST CENTRAL AMERICAN CONGRESS OF 
OTORHINOLARYNGOLOGY 

President Dr Victor M Noubleau, San Salavador 
Secretary Treasurer Dr Hector R. Silva, Calle Arce No 84, San Salva 
dor, El Salvador, Central America 


FLORIDA SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr Chas C Grace 145 King St, St Augustine, Fla , 
President Elect Dr Jos W Taylor, 706 Franklin SL, Tampa Fla 

Secretary Treasurer Dr Carl S McDemore, 1217 Kuhl Ave , Orlando, Fla. 


FOURTH LATIN AMERICAN CONGRESS OF 
OTORINOLARINGOLOGIA 

President Dr Dario 

Secretary 

Meeting 


GREATER MIAMI EYE, EAR, NOSE AND THROAT SOCIETY 

President Dr William B Steinman 
President Elect Dr James H Mendel Jr 
Secretary Treasurer Dr H Carlton Howard 

Meeting quarterly (March May October and December) on the second 
Thursday of the month 6 30 P M at Urmey Hotel Miami 


INTERNATIONAL BRONCHOESOPHAGOLOGICAL SOCIETY 

President Dr Theodor Hunermann, Dusseldorf, Germany 
Secretary Dr Chevalier L> Jackson, 3401 N Broad St Philadephia 40 
Pa U S A. 

Meeting Sixth International Congress of Bronchoesopbagology, Phila 
delphia 


KANSAS CITY SOCIETY OF OTOLARYNGOLOGY 
AND OPHTHALMOLOGY 

President Dr Clarence H Steele 
President Elect Dr Dick H. Underwood 

Secretary Dr James T Robison 4620 J C Nichols Parkway Kansas 
City, Mo 

Meeting Third Thursday of November, January February and April 
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LOS ANGELES SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 


President Dr Sol Rome 
Secretary Treasurer Dr Max E Pohlman 


Chairman of Ophthalmology Section 
Secretary of Ophthalmology Section 
Chairman of Otolaryngologv Section 
Secretary of Otolaryngology Section 
Place Los Angeles County Medical 
Bl\d, Los Angeles Calif. 

Time 6 30 P M last Monday of each month from September to June, 
Inclusive—Otolaryngology Section 6 30 first Thursday of each month 
from September to June inclusive—Ophthalmology Section 


Dr Richard Kratz 
Dr Carrall A McCoy 
Dr Howard G Gottschalk 
Dr Robert W Godwin 
Association Bldg, 1925 Wilshire 


LOU ISI AN A-MISSISSIPPI OPHTHALMOLOGICAL 
AND OTOLARYN GO LOGICAL SOCIETY 

President Dr H K. Rouse, 1300 27th Ave, Gulfport, Miss 
Vice-President Dr A. J McComiBkey, 3420 Prytonia SL, New Orleans, La. 
Secretary Dr Edle\ H Jones 1301 Washington St, Vicksburg, Miss 
Meeting 

MEMPHIS SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

Chairman Members serve as chairmen in alphabetical order monthly 
Secretary-Treasurer Dr Roland H Mjers, 1720 Exchange Bldg, Mem 
phis, Tenn. 

Assistant Secretarv Treasurer Dr William F Murrah, Jr, Exchange 
Bldg, Memphis Tenn 

Meeting Second Tuesday in each month at 8 00 p m at Memphis Eve 
Nose and Throat Hospital 


MEXICAN ASSOCIATION OF PLASTIC SURGEONS 

President Dr Cesar LaBoide, Mexico D F 
Vice-President Dr M Gonzales Ulloa Mexico D F 
Secretary Dr Juan Da Dios Peza Mexico D F 


MISSISSIPPI VALLEY MEDICAL SOCIETY 

President Dr Arthur S Bristow, Princeton, Mo 

Secretary Treasurer Dr Harold Swanberg Q uin cy, Ill 

Assistant Secretary Treasurer Dr Jacob E Reisch Springfield Ill 

NETHERLANDS SOCIETY OF OTORHINOLARYNGOLOGY 
(Nederlandsche Keel Neus-Oorheelkundige Vereemgmg) 

President Dr H. Navis Sonsbeehweg 6, Arnhem 

Secretary Dr W H. Struben, J J Yiottastraat 1 Amsterdam. 

Treasurer Mrs F Velleman Pinto Jac Obrechtstr 66 Amsterdam 

NORTH CAROLINA EYE, EAR, NOSE AND THROAT SOCIETY 

President Dr J C Peele Kinston Clinic Kinston N ^ 

Vice-President Dr George E Bradord Winston Salem N C 
Secretary-Treasurer Dr J D Stratton, 1012 KingB Drive Charlotte 7 
N C 
Meeting 
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NORTH OF ENGLAND OTOLARYNGOLOG1CAL SOCIETY 

President Mr G L Thompson, 16 Ramshill Road, Scarborough, York 
shire 

Vice-President Mr J H Otty, Frizley Old Hall, Frizlnghall Road, 
Bradford, Yorkshire 

Secretary and Treasurer Mr R Thomas, 27 High Petergate, York, 
Yorkshire 


OTOSCLEROSIS STUDY GROUP 

President Dr Joseph A Sullivan, 174 St George St, Toronto 5, Canada 
Secretary Treasurer Dr Arthur L Juers, 611 Brown Bldg, Louisville, 
Ky 

Meeting Palmer House, Chicago, Ill 


PACIFIC COAST OTO-OPHTHALMOLOGICAL SOCIETY 

President H Leroy Goss, M D , 620 Cobb Bldg Seattle 1, Washington 
Secretary Treasurer Homer E Smith MD, 508 East South Temple 
Salt Lake City, Utah 
Meeting 


PAN AMERICAN ASSOCIATION OF OTO RHINO LARYNGOLOGY 
AND BRONCHO ESOPHAGOLOGY 

President Dr Jose Gros, Havana, Cuba 

Executive Secretary Dr Chevalier L Jackson, 3401 N Broad St, Phila 
delphia 40 Pa., USA. 

Meeting Sixth Pan American Congress of Oto-Rhlno Laryngology and 
Broncho-Esophagology 
Time and Place Brazil, 1958 


PHILADELPHIA LARYNGOLOGICAL SOCIETY 

President Dr Chevalier L Jackson 

Vice-President Dr John J O'Keefe 

Treasurer Dr Joseph P Atkins 

Secretary Dr Louis E Silcox 

Historian Dr Herman B Cohen 

Executive Committee Dr Harry P Schenck, Dr , Benjamin H Shuster 
Dr William A. Lell, Dr t William J Hitschler 


PORTUGUESE OTORH INOLARYNGOLICAL SOCIETY 
President Dr Albert Luis de Mendonca 

Secretary Hr Antonio da Costa Quinta Avenida, de Liberdale 65, 1° 
Lisbon. 


PUGET SOUND ACADEMY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr Clifton E Benson, Bremerton, Wash. 

President Elect Dr Carl D F Jensen Seattle Wash 
Secretary Dr Willard F Goff, 1215 Fourth Ave Seattle Wash 
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RESEARCH STUDY CLUB OF LOS ANGELES, INC 

Chairman Dr Orrie E Ghrist, 210 N Central Ave Glendale, Calif 
Treasurer Dr Norman Jesberg, 500 So Lucas Ave , Los Angeles 17, Calif 
Otolaryngology Dr Russell M Decker, 65 N Madison Ave , Pasadena 
1 Calif 

Ophthalmology Dr Warren A. Wilson, 1930 Wilshire Bird., Los An 
geles 57, Calif 

Mid Winter Clinical Convention annually the last two weeks in January 
at Los Angeles Calif 

SECTION OF OTOLARYNGOLOGY OF THE MEDICAL SOCIETY 
OF THE DISTRICT OF COLUMBIA 

Chairman Dr J L Levine. 

Vice-Chairman Dr Russell Page. 

Secretary Dr James J McFarland 
Treasurer Dr Edward M O'Brien 

Meetings are held the second Tuesday of September November, January, 
March and May, at 6 30 PM. 

Place Army and Navy Club Washington D C 


SCOTTISH OTOLARYN GO LOGICAL SOCIETY 

President E A M Connal 1 Royal Crescent, Glasgow C 3 Scotland. 
Secretary-Treasurer Dr J F Birrell, 14 Moray Place Edinburgh 

Assistant Secretary Dr H D Brown Kelly 11 Sandyford Place Glas 

gow 


SOC1EDAD COLUMBIANA DE OFTALMOLOGIA Y 
OTORRINOLAR!NGOLOGIA (BOGOTA, COLUMBIA) 

Presidente Dr Alfonso Tribin P 
Secretario Dr Felix E Lozano 
Tesorero Dr Mario Arenas A 


SOC1EDAD CUBANA DE OTO LARI NGOLOGIA 

President Dr Reinaldo de Vllliers 
Vice-President Dr Jorge de Cfixdenas 
Secretary Dr Pablo Hernandez 


SOCIEDAD DE ESTUDIOS CLINICOS DE LA HABANA 

Presidente Dr Frank Canosa Lorenzo 
Vice-Presidente Dr Julio Sanguily 
Secretario Dr Juan Portuondo de Castro 
Tesorero Dr Luis Ortega Verdes 

SOCIEDAD DE OTORRINOLARINGOLOGIA Y 
BRONCOESOFAGOSCOPIA DE CORDOBA 

Presidente Dr Aldo Remorino 
Vlce-Presidente Dr Luis E Olsen 
Secretario Dr Eugenio Romero Diaz 
Tesorero Dr Juan Manuel Pradales 

Vocales Dr Osvaldo Su&rez Dr Nondier Asia R., Dr Jorge Bergallo 
Yofre 
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SOCIEDAD DE OTO RINO LARINGOLOGIA, 
COLEGIO MEDIO DE EL SALVADOR, SAN SALVADOR, C A 

President Dr Sahador Mixco Pinto 
Secretary Dr Daniel Alfredo Alfaro 
Treasurer Dr Antonio Pineda M 


SOCIEDAD ESPANOLA DE OTORR1NOLARINGOLOGIA 

Presidente Dr D Adolfo Hinojar Pons 
Vice-Presidente Dr D Jose Perez Mateos 
Secretario General Dr D Francisco MarafidB 
Tesorero Dr D Ernesto Alonso Ferrer 


SOCIEDAD MEXICANA DE OTCRRINOLARINGOLOGIA 
Havre 7—Desp 62 
Mexico 6, D F 

Honorary President Dr Ricardo Tapia y Fernfindez 
President Dr Mfiximo Garcia Castafieda 

Secretary Dr Eduardo de la Parra 

Treasurer Dr Guillermo Pdrez Villasante 

Vocal Dr Rafael Pacchiano 


SOCIEDAD NACIONAL DE CIRUGIA OF CUBA 

Presidente Dr Reinaldo de Villers 
Vice-Presidente Dr Cdsar Cabrera Calderin 
Secretario Dr Josd Xirau 
Tesorero Dr Alfredo M Petit. 

Vocal Dr Jos6 Gross 

Vocal Dr Pedro Hernandez Gonzalo 


SOCIEDAD OTO RINO LARtNGOLOGIA DE LOS 
HOSPITALES DE MADRID 

Presidente Dr Don Fernando Beltr&n Castillo 
Secretario General Dr Don Alfonso Vassallo de Humbert 
Tesorero Dr Don Rafael Garcia Tapia. 


SOCIEDAD VENEZOLANA DE OTORRINOLARINGOLOG1A 

Presidente Dr Alfredo Cells Pdrez 
Vice-Presidente Dr Bustamante Miranda. 

Secretario General Dr JeBias Miralles 
Tesorero Dr M Matbeus 

Vocales Dr Perez Velasquez and Dr Wilmer Palacios 

SOCIEDADE DE OFTALMOLOG1A E OTORRI NOLARI N GO LOG IA DO 
RIO GRANDE DO SUL 

President Dr Paulo Fernando Esteves 
Vice-President Dr Jayme Schilling 
First Secretary Dr Carlos Buede 
Second Secretary Dr Moizds Sabani 
First Treasurer Dr Israel Scherman 
Second Treasurer Dr Rlvad&via C Meyer 
Librarian Dr Carlos M Carrion 
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SOCIEDAD PANAMENA DE OTORRINOLARINGOLOGIA 


Presldente Dr Manuel Preclado 

First Vice Presldente Dr Alonso Roy 

Second Vice-Presidente Dr Carlos Arango Carbone 

Secretarlo Dr Marla Esther Villalaz 

Tesorero Dr Ramon Crespo 

SOC1EDADE PORTUGUESA DE OTORRI NOLARINGOLOG1A 

E DE 

BRONCO ESOFAGOLOGIA 

Presidente Dr Alberto Luis De Mendonca. 

Vice-Presidente Dr Jaime de Magalhaes 

1 ° Secretario Dr Antonio da Costa Quinta. 

2 ° Secretario Dr Albano Coelho 

Tesoureiro Dr Jose Antonio de Campos Henriques 
Vogais Dr Teofilo Esquivel 

Dr Antonio Cancela de Amorim 
Sede Avenida da Liberdade 65 1°, Lisboa 

SOCIETY OF MILITARY OTOLARYNGOLOGISTS 

President CapL William C Livingood USN (M C ) 
Secretary-Treasurer LL Col Sanlev H Bear M C, 3S10th USAF Hos 
pital Maxwell AFB Alabama 
Meeting Palmer House Chicago Ill 

SOUTH CAROLINA SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr James H Gressette Orangeburg S C 
Vice-President Dr Robert P Jeanes Easier, S C 
Secretary Treasurer Dr Roderick Macdonald 333 East Main SL, Rock 
Hill S Car 
Meeting 


SOUTHERN MEDICAL ASSOCIATION, 

SECTION ON OPHTHALMOLOGY AND OTOLARYNGOLOGY 

Chairman Dr V Eugene Holcombe Charleston W Va 

Chairman Elect Dr G Slaughter Fitz-Hugh Charlottesville Va. 

Vice-Chairman Dr George M Haik New Orleans La 

Secretarv Dr Mercer G Lvnch New Orleans La 

VIRGINIA SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr Benjamin Sheppard, 301 Medical Arts Building, Rich¬ 
mond Virginia 

President Elect Dr Emanuel U Wallerstein Professional Building 
Richmond Virginia 

Vice-President Dr Calvin T Burton Medical Arts Building Roanoke 
Virginia 

Secretarv-Treasurer Dr Mavnard P Smith, 600 Professional Building, 
Richmond Virginia 

Meeting 

WEST VIRGINIA ACADEMY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr James K. Stewart Wheeling W Va. 

Secretary-Treasurer Dr Frederick C Reel Charleston W Va, 

Annual Meeting Greenbrier, White Sulphur Springe W Va May 31st 
through June IsL 
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NOTICE TO CONTRIBUTORS 


The Laryngoscope leserves the right of exclusive publication 
of all articles submitted This does not pieclude their publication 
m Transactions of various Societies 

Manuscupts should be typewritten, double spaced, on one side 
of papei only and with sufficient maigms to allow for corrections 

Authoi’s name and city should appear directly under title on 
fust page, stieet address at end of article 

All prints 01 photographs to be submitted m black and white, 
in good sharp contrast Good halftones depend upon clear photo¬ 
graphs Line diawmgs foi zincs to be m black and white Colored 
inks or led 01 blue quadnlle rulings will not reproduce 

References should be complete authoi’s surname, initials, 
title of aiticle, Journal, volume, page, month, year 

Six lllustiations will be furnished for each article without cost 
to authoi Authois will please limit illustrations to six or assume 
the expense of additional illustrations 

Proofs will be submitted to authors for corrections If these 
aie not returned, articles will be published as corrected m this 
office 

Repnnts will be furnished at the following prices 


WITHOUT COVER 



250 

Copies 

500 

Copies 

1 1000 

I Copies 

2000 

Copies 

Four Pages 

$ 19 25 1 


? 30 75 

? 44 50 

Eight Pages 

<53 50 


58 50 1 

83 00 

Twelve Pages 

47 00 

60 75 

86 26 

131 50 

Sixteen Pages 

61 00 

78 75 

98 75 

146 75 

Twenty Pages 

76 00 


129 50 

187 26 

Twenty four Pages 

88 76 


150 00 

217 25 

Twenty eight Pages 

97 50 

123 23 

162 25 

233 50 

Thirty two Pages 

115 00 

139 75 | 

180 00 

267 00 


WITH COVER 


Four Pages 

$ 37.25 

$ 46 50 

? 6150 

% 88 75 

Eight Pages 

51 50 

66 25 

89 25 

127 26 

Twelve Pages 

65 00 

84.25 

117 00 


Sixteen Pages 

79 00 

102 25 

129 60 

191 00 

Twenty Pages 

94 00 

119 75 

160 25 

231 50 

Twenty four Pages 

106 75 

136 00 

180 75 

261 50 

Twenty-eight Pages 

115 50 

146 75 

193 00 

277 75 

Thirty two Pages 

133 00 

163 26 ! 

210 75 

311 25 


Express chaiges will be paid by consignee 
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PROCEEDINGS 
OF THE 

INTERNATIONAL CONFERENCE 
ON AUDIOLOGY 

May 13 thiough 16, 1957 

St Louis, Missoun 


FOREWORD 

In connection with the official Midwest touis scheduled 
for the Sixth International Congiess of Otolaryngology, held 
m Washington, May 5-10, 1957, one of the Oiganizmg Com¬ 
mittee, (S R Silveiman) was asked by numeious individuals, 
both m the United States and abioad, to oigamze an Intel - 
national Confeience on Audiology in St Louis immediately 
aftei the Congiess The chief puipose of this Confeience 
would be to cieate a situation wheie laboiatory investigators 
could shaie then views and findings with an interested and 
sophisticated clinical audience The themes exploied by the 
Confeience weie the Assessment of Auditory Function, the 
Physiology of Audition, and the Relation of Hearing Loss to 
Noise Exposuie 

The goals of the Confeience are summanzed m the follow- 
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INTERNATIONAL CONFERENCE ON AUDIOLOGY 


ing extract fiom the welcoming addiess of the Chan man to 
the membeis of the Confeience 

To Participants in the International Confer ence on Audiol¬ 
ogy—A Cordial Welcome to St Louis 

Fiom many lands a common inteiest m heaung and deaf¬ 
ness bungs us togethei It is tiue that oui pumaiy mteiests 
may vaiy We may be concerned with the stiuctuie of the 
auditoiy system 01 with its function, 01 with the diseases 
that afflict it, 01 with the impaiiment m social efficiency 
bi ought about by heaung loss Some of us woik in the lab- 
oiatoiy, otheis m the clinic and still otheis m the classioom, 
but the lapidity with which oui knowledge, nuituied by many 
souices, is mci easing, suggests cleaily and emphatically that 
we cieate situations, such as this Confeience, wheie we may 
shaie mfoimation that enuches oui undeistanding and stimu¬ 
lates oui activity If the Confeience contilbutes in some 
small measuie to the enthusiasm and the wisdom with which 
you puisue youi tasks in the field of heaung and deafness, 
those lesponsible foi its oigamzation will have been uchly 
1 ewai ded 


* * * 


Of the actual scientific and pi ofessional membeiship of the 
Confeience, fields of intei est weie lepiesented as follows 
Audiology, including teacheis of the deaf and speech pathol¬ 
ogists, 42 pei cent, Otolaiyngology, 39 pei cent, Psychology, 
Engmeeimg and Physiology, 15 pei cent, and Commeicial, 
including makeis of electioacoustic insti uments, 4 pei cent 

The editois of the Pioceedmgs of the International Confei¬ 
ence on Audiology weie S Richaid Silveiman, Chanman of 
the Confeience, Iia J Hush, Piogiam Chanman, and Shn- 
ley K Hush, Confeience Secietaiy 

The Confeience acknowledges with appieciation its indebt¬ 
edness to the National Science Foundation of the United 
States Government foi piovidmg the majoi poition of its 
expenses thiough a giant to the Cential Institute foi the 
Deaf 
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The Confeience expiesses its giatitude to the membeis of 
the staffs and fi lends of the Cential Institute foi the Deaf, 
and the Department of Otolaiyngology of Washington Uni- 
veisity foi assistance in anangements, and to the School 
of Medicine of Washington Univeisit} 7 foi piovision of 
meeting looms 



PROGRAM OF TECHNICAL SESSIONS 


Tuesday Morning, May 14 


WELCOME 

Piesiding S Richvrd Silverman Diiector Central Institute for 
the Deaf, Chairman International Conference on Audi 
ologj 

The Honor \blf Ravmond R Ti-ChER Major of the Clt> of St, Louis 
Ethan A H SnEi , LE\ Chancelloi Washington UniversiU 


SESSION A—CONTRIBUTED PAPERS 

Chairman lav J Hirsh Head, Psjehology Laboratory Central 
Institute for the Deaf, St Louis Mo 

1 Some Similarities Between Hearing and Seeing 

S S Stevens Professor of Psjchology Director of Psycho 
Acoustic Laboratory, Harvard Unh ersity, Cambridge, Mass 50S 

2 An Attempted Synthesis of Psycho Acoustic Test Data in the 
Audiological Clinic 

J Don \ld Harris Head, Sound Bianch Medical Resealch Lab 
oiatory, U S Naial Submaiine Base Nev London Conn 527 

3 Triplet Testing and Training—An Approach to Band Dis 
crimination and its Monaural or Binaural Summation 

Henk C Huizmc, Piofessor of Audiology, Universiti of Gron 
ingen, The Netherlands and M Tiselaar, Unh ersity of Gron 
ingen ^ 535 

4 Relation of the Lombard Effect to Speech Production 

John J Dreher and John J 0 Neill Psj clio Linguistics Lab 
oratory Ohio State University Research Foundation, Columbus 
Ohio ~ 539 

5 A Comparison of Picture Response and Hand Raising Tech 
niques in Pure Tone Audiometry with Young Children 

Harriet K\pl\n, Graduate Assistant, and Bruce M Sugen 
thvler Associate Professor of Clinical Speech, Pennsjlvanta 
State University, University Park Pa 54 b 

6 Progress in the Comparison of Sleep EEG Audiometry with 
Standard Audiometry 

A J Derbyshire, Director EEG Department, Harper Hospital 
Detroit Mich and 

Mart McDermott, Head Outpatient Services Children's Hos 
pital of Michigan Detroit Mich 
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Tuesday Afternoon, May 14 


ASSESSMENT OF AUDITORY FUNCTION 

I PANEL DISCUSSION—HEARING IN CHILDREN 
Moderator S Ricuvim Siiuimu Director Central Institute 

for the Deaf St Louis Mo ~ ~ — — — 21b 

Panel Members RonEirr Goldstein Research Associate Central 
Institute for the Deaf St Louis Mo 
W illi \m G Hvmn Director Hearing and 
Speech Center The Johns Hopkins Hospital 
Baltimore Md 

Helnifr R M\ ki bust Professor of Audiology 
Northwestern Uni\ersit' Esanston Ill 
Lolise TnrNQtr Chief Audiometric Depart 
ment Unhersit' of L'ons Fiance 

II DIAGNOSIS OF HEARING DISORDERS 

Chairman Ira J Hirsh Head Ps\cholog\ Laborator' Central 
Institute for the Deaf St Louis Mo 

Audiometry in Diagnosis 

Ranhond Cranurr Professor of Audiolog' Northwestern Uni 
'erslty Eranston Ill - ~ - — 253 

M6nldre f s Disease 

TiiEouoni E W r \Lsn Piofessoi of Otolai'ngolog' Washington 
Unhersity School of Medicine St Louis Mo _ _ 279 

Cochlear vs Retrocochlear Lesions 

T\uno Paia v Associate Professoi of Clinical Audiolog\ Lnl 
' erslty of Turku Finland _ _ „ ~ 2SS 

Clinical Aspects of Cortical Deafness 

Ettore Botev Chief ENT Clinic Lni\ersit\ of Milan Ital\ _ 301 


Tuesday Evening, May 14 

Open House—Central Institute for the Deaf Clinics and Re¬ 
search Building 

Demonstration of classroom procedures with deaf hard-of 
hearing and aphasic children and also of testing and teach 
ing techniques for children and adults 

Research laboratories and shops were open for inspection and 
demonstration 

Exhibitions included Central Institute Librarv and the Gold 
stein Collection of hearing aids 

A film b' Georg von B6k£s\ was shown at 8 30 and 9 30 
PM 

Svnopsis of B£k6sv film Pendulums Tra\ellng Waves and the 
Cochlea * _ _ __ _ _ 317 



PROGRAM OF TECHNICAL SESSIONS 


Tuesday Morning, May 14 


WELCOME 

Presiding S Richvrd Sil\lhm\n, Director, Central Institute foi 
the Deaf, Chairman Intei national Conference on Audi 
olog^ 

The Honor \BLr Raymond R Tucker Macoi of the Cite of St Louis 
Eth\n A H Sheilfy Chancelloi, Washington Universit\ 


SESSION A—CONTRIBUTED PAPERS 

Chairman Ir v J Hirsh Head, Psccholog} Laboiatorv, Central 
Institute for the Deaf, St Louis Mo 

1 Some Similarities Between Hearing and Seeing 

S S Steves Piofessor of Ps>cholog^ Director of Psycho 
Acoustic Laboratory Harvard University, Cambridge, Mass 50S 

2 An Attempted Synthesis of Psycho Acoustic Test Data in the 
Audlologlcal Clinic 

T Don Mi) Harris Head Sound Biancli Medical Reseaich Lab 
oratorj U S Na\al Submarine Base Nev London Conn 527 

3 Triplet Testing and Training—An Approach to Band Dis¬ 
crimination and Its Monaural or Binaural Summation 

Henk C Humiso Professor of Audiology, UniversiU of Gron 
ingen, The Netherlands, and M T\sel\vr, Unhersity of Gron 
ingen „ „ 535 

4 Relation of the Lombard Effect to Speech Production 

John J Dkeher and Johis J O'Neill Psycho Linguistics Lab 
oratory Ohio State Universit\ Research Foundation Columbus 
Ohio - 539 

5 A Comparison of Picture Response and Hand Raising Tech 
nlques In Pure Tone Audiometry with Young Children 

Harriet Kaplvk, Graduate Assistant and Bruce M Siegen 
thaler. Associate Professor of Clinical Speech Pennsylvania 
State University University Park Pa ’ 54 k 

6 Progress in the Comparison of Sleep EEG Audiometry with 
Standard Audiometry 

A, J Derbyshire, Director EEG Department, Harper Hospital 
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TUESDAY AFTERNOON SESSION, 


May 14, 1957 

THE ASSESSMENT OF AUDITORY FUNCTION 
I HEARING IN CHILDREN—PANEL DISCUSSION 

Chairman S Richard Silverman, Duectoi, Cential Institute 
foi the Deaf, St Louis, Mo 

Panel Robert Goldstein, Reseaich Associate, Cential 
Institute foi the Deaf, St Louis, Mo 
William G Hardy, Duectoi, Healing and Speech 
Centei, Johns Hopkins Hospital, Baltimoie, Md 
Helmer R Myklebust, Piofessoi of Audiology, 
Noithwestern Univeisity, Evanston, Ill 
Louise Trenque, Chief, Audiometnc Department, 
Univeisity of Lyons, Fiance 

Dr Silverman The essayists weie asked thiee questions 
m pieparation foi this discussion These questions aie as 
follows 

One What goals, paiticulaily with lefeience to educational 
lecommendations, can be set foi the testing of the healing of 
young childien’ 

Two What evidence is theie that lesults of healing tests 
on young children can yield mfoimation about the pathology 
of auditoiy and othei disoideis’ 

Thiee What particulai testing techniques have you found 
to be most successful in yielding answeis to eithei 01 both of 
the fust two questions’ 

One, then, is a mattei of goals, two, is a matter of evi¬ 
dence, and thiee, what do you actually do when you assess 
the healing of a young child’ 

Di Hardy, will you lead off’ 

Dr William G Hardy Any one of these topics is worth 
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an horn’s discussion, so I am going to move tlnough my 
material 1 atliei 1 apidlv and hope that we may be able to pick 
up some of the moie important mdicatois as the discussion 
pioceeds 

Tlieie aie at least six objectives which we feel (I am talk¬ 
ing as a lepiesentative of oui departmental gioup) might 
well be kept in mind Fust, to asceitam the status and 
needs of the child legal ding possible medical and suigi- 
cal tieatment This aspect of a pioblem is too often ovei- 
looked, and it must not be, paiticulaily in dealing with 
youngei clnldien Incidentally, need w r e lemind oui selves 
that we aie not talking about a lefmed, pieselected diagnostic 
gioup, all of whose pioblems aie solely centeied m lieai mg ? 
The clnldien we meet at the age of one, two, 01 tluee yeais, 
aie lefeiied because they do not talk, because thev have not 
leai ned language, because they have not developed normally 
The leasons foi these defects aie manifold, involving much 
moie than the possibility of impaiied heaung 

Second, to measuie 01 estimate the child’s potential for 
learning language and \eibal communication Fundamental 
to this, pel haps, is the potential of the auditoiy mechanism, 
but by no mannei of means should the inquiry exclude othei 
sensory modes of learning 

Thud, to diffeientiate among seveial possible leasons foi 
the lack of development of language and speech In terms 
of diffeiential diagnosis, this may involve a tiemendously 
complex mquiiy We find that oftentimes this involves a 
closely mtegiated task among five 01 six of our majoi de¬ 
partments m the hospital 

Fouith, to measuie lesidual heaung as a basis foi psycho¬ 
acoustic development 

Fifth, to try to leam the natuie of the heaung impairment 
foi what this mfoimation can conti lbute m terms of special 
needs in training Many of these objectives oveilap, of 
course, and any effort to claiifv reflects some of the com¬ 
ments in anothei papei given this morning oui need to 
clarify our language in terms of wiiat we mean by heaung 
Is heaung an “adequate lesponse,” 01 is it a “significant 
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lesponse” to a measitied 01 vanable set of stimuli, oi is it 
simply “a lesponse” Oui lefeiences must be clanfied, foi 
m his e\penence with diffeiential diagnosis one comes face 
to face veiv eaih with the lealization that he inevitably is 
dealing with much moie than the function of the auditoiy 
system The auditoiy system piesents only one kind of in¬ 
formation to the mind As one watches moie and moie oi 
these tiny clnldien who aie apt to give spoiadic, vanable, 
inconsistent 1 espouses to sound, one is foiced to wondei what 
this auditoiv expenence is like to the child How can it be 
descnbed in a single concept’ Suppose that a given child 
has some disoidei oi lack of development at the level of dif¬ 
ficulty in bnef memoiy-span This might be dnectly, oi 
only lemoteh, connected with an auditoiy deficit, yet what 
would the woild of sound-stimulus, paiticulaily speech-stimu¬ 
lus, be like to a little fellow who needs 75 milliseconds, instead 
of five milliseconds, m oidei to monitoi Ins own vocal output’ 
These aie points of diffeientiation on which we have as yet 
baiely begun to touch The modes of tiying to appiehend, 
measuie, and descnbe this soit of deficit aie still in then 
infancy Related, without doubt, aie vanables m pitch- 
peiception, peihaps at the cortical oi immediately subcortical 
levels of the auditoiv mechanism 

Sixth, to develop mfoimation lelative to the natuie of 
the heaung mind m teims of whatevei effects of stimulus and 
inhibition can be obseived in the lesponses of the child A 
child must go tlnough a penod of leadiness to listen befoie 
he can piogiess veiy fai m the development of language and 
speech This is, m pait, a mattei of the mind’s meanings, of 
the conditioning of behavioi to leact oi not to leact to a 
paiticulai sensoiy modality-like heaung It is piobably at 
this stage of clinical judgment that one must diffeientiate 
between the fact of a child’s lesponse to sound, and a possible 
meaning of this expellence to him Heie we aie at the 
level of cortical integiation, and tlieie simply is not time to 
discuss the many possible lamifications 

I believe that all of these become extiemely impoitaiit 
objectives m an effoit to lefme heaung tests with lefeience 
to educational lecommendations 
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Di Hush, tianslatmg foi Di Louise Tienque c 

Dr Ira J Hirsh Theie aie foui majoi objectives one, 
is the child deaf 7 In the young child, in the majoilty of 
cases, the pioblem consists of establishing piimanly whethei 
01 not deafness exists The fact that the child is helped 
most by the specialist fiom about 18 months on is because 
the language eithei does not appeal oi because the language 
is not developed noimally Fiequently the paients suspect 
the existence of deafness, but it is still necessary to confnm 
it 


The second objective is to quantifv the extent of the deaf¬ 
ness Is deafness complete 7 Aie theie existing auditory 
lesiduals that might be used by the child in healing speech 
efficiently 7 The value of these auditory lesiduals is most 
important if it appeals that the child can heai speech 
paitially, oi possibly bettei with a heaung aid By usmg 
these lesiduals, foi example, in peiceivmg some of the 
phonemes oi the melody of the sentence, one can hope to 
lehabihtate the child completely Thanks to appiopnate 
education this child can become capable of speaking with a 
voice that is compiehensible to all, capable of undei standing 
what is said to him, and capable of acqumng even abstiact 
thought at a level consistent with childien of the same in¬ 
tellectual capacity and envnonment 

Thud, is deafness the only deficiency m the child 7 In oui 
opinion it is of piognostic importance to ascertain whether 
the deafness is the only tiouble, oi whethei theie aie otheis 
such as physical chaiactenstics, deficiency m intelligence, 
difficulty in memorization and compiehension, supei imposed 
upon the auditoiy deficit A laige piopoition of childien in 
whom we have found audiometiic cuives of between 60 and 
80 decibels, m whom, because of these auditoiy lesiduals, ve 
have placed much hope, have disappointed us following the 
examinations In the couise of then education, we weie 

•Dr Louise Trenque Y\as unable to attend the Conference because ot 
illness She sent a manuscript howe’ter through one of the conferees 
which ^ as receded about an hour before the panel discussion was to 
begin Dr Hirsh s translation of her answers to the questions posed b\ 
the Chairman as therefore almost in the nature of a simultaneous 
translation There are manj omissions and undoubtedly some errors but 
the Editors consider that at least her general point'of \ iew is fairlx 
represented 
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confionted with vanous difficulties, among the most seveie 
of which have been dyslexia, dysgiaphia, emotional instability, 
disoideis m the development of learning, compiehension and 
mtelhgence, and those factois that mterfeie with the develop¬ 
ment of language beside those involved in the healing 

Finally, as the fourth objective, Di Tienque lists the studv 
of the ongm of deafness This study has both theiapeutic 
and piophylactic aims and can aid m oui piognostic judg¬ 
ments theiapy m cases of lhmogenic deafness, piophylaxis, 
foi example, m the RH factoi 01 syphilis, piognosis, as in 
cases wlieie we obseive obstetucal tiauma 

Dr Robert Goldstein Because oui concern on this panel 
is pnmanly educational, we will considei the lesults of 
heai mg tests as one basis foi making educational lecommen- 
dations My discussion today is lestucted, fust, to those 
auditory pioblems whose seventy lequnes that education be 
handled, at least foi a time, in special schools 01 special 
classes, two, to the veiy young childien who have not yet had 
any individual 01 classioom msti uction, fiom which we might 
oidmanly denve significant diagnostic clues, and thud, to 
those childien whose auditoiy disoidei is not secondary to 
seveie emotional distuibance 01 to mental deficiency 

Oui goals should depend primal lly on what we know of the 
kinds of educational methods that have been used successfully 
on childien with vanous auditoiy disoideis My discussion 
is fuithei lestucted to what is known m geneial about the 
success of vanous appioaches to oial education, acknowledg¬ 
ing oui desne to accoid eveiy child the opportunity foi de- 
i eloping 01 al communication 

Considei mg the piesent state of knowledge about the 
education of childien with auditoiy disoideis, I believe that 
we should find out fiom oui heaiing tests whethei a child’s 
auditoiy disoidei lesults pnmanly fiom a senous leduction 
in auditoiy sensitivity oi pnmanly fiom a defect m auditoiy 
peiception and linguistic development 

The education of haid-of-heaimg childien and deaf chil¬ 
dien, that is, childien with vaiymg losses of auditory sen¬ 
sitivity, although not umfoim oi simple, has been earned on 
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with appieciable success, and has been descxibed in some 
detail By compaiison, we know veiy little about the success 
in educating childien whose disoider can be descubed as 
defective auditory peiception, 01 as the inability to pioduce 
and/oi to undeistand language Theie aie scatteied leports 
of success with certain educational appioaches, but theie aie 
no compiehensive lepoits in which an educational method has 
been descubed, the childien taught by this method cleaily 
defined and enumeiated, and caieful assessment of results 
piesented I feel competent, theiefoie, to lefei only to oui 
own experience foi my conti lbution to the evaluation of this 
question 

We have classified a large numbei of oui children as apha- 
sic We aie awaie of the contioveisies aiound this feim, 
and foi now, at least, we aie not lestncting oui selves to any 
particulai definition of it These childien we call aphasic 
have as then mam pioblem the inability to develop language, 
presumably because of some dysfunction of the cential ner¬ 
vous system This is not a homogeneous group, eithei fiom 
the standpoint of oiganic pioblems 01 fiom the standpoint of 
ability to use language, nevertheless, we use the same edu¬ 
cational method with all of these childien and achieve varying 
but consideiable success with them We make no attempt to 
develop a different pioceduie foi each sub-classification of 
the aphasic gioup but modify certain aspects of oui oveiall 
pioceduie when the situation calls foi it 

If the findings on a particular child aie inconsistent and 
do not cleaily identify a child as deaf 01 aphasic, we geneially 
lecommend that this child be taught according to the system 
we use with aphasic childien We have found fiom expen- 
ence that we do little educational harm to childien who 
eventually prove to be simply deaf, by teaching them accoid- 
mg to our system foi aphasic childien On the othei hand, 
we have seen much educational time lost on aphasic childien 
who, because of uncertainty in diagnosis, were taught by 
methods conventionally used with deaf childien 

On the basis, then, of oui expenence m educating childien 
with auditory disoideis, we try to answei this majoi question 
when we aie examining a young child is lus inability to 
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communicate pumaiily the lesult of a 1 eduction m auditoiy 
sensitivity 01 is it pumaiily the lesult of a defect in auditoiy 
peiception 01 m the ability to pioduce 01 to undei stand 
language 7 

Dr Silverman We turn now to oui second question 
What evidence is theie that lesults of healing tests on young 
cluldien can yield information about the pathology of auditoiy 
01 othei disoideis 7 

Dr William G Hardy I seem to have ten points listed 
foi this topic Fust, it is cleai that with the use of a wide 
vanety of techniques (and each of us selects the particulai 
pattern that he finds most lewaidmg) the function of the 
penpheial healing mechanism—the end-oigan—can be meas- 
uied Theie is a mattei of definition heie that is apt to make 
discussion confusing Wheie does the penpheial mechanism 
stop and the cential mechanism begin 7 My gioup has given 
a gieat deal of thought to this question, it is not simple Let 
us assume that the cential mechanism begins at the level of 
the brain stem wheie one is dealing with audition as a 
neuially bilateial sequence of events, and that the ganglion- 
cell stiuctuie may be consideied in the penpheral mechanism 
I lealize theie may be something wiong with this, foi we 
aie including the fust neuial synapse in the end-oigan The 
geogiaphy of anatomy is perhaps not quite so important, 
howevei, as an agieement on refeience In teims of these 
distinctions between penpheial and cential, I believe we have 
a light to say that theie is mcontiovertible evidence that the 
function of the penpheial mechanism can be measuied quite 
adequately 

Fiom heie on, a cleai diffeientiation of possible pathology 
is m laige pait speculative Fortunately, m this legald, one 
has the opportunity (which he must learn to take) of follow¬ 
up, 01 reassessment, as Di Goldstein just indicated, to take 
advantage of comments and observations fiom the teacher, 
denved fiom the child’s day-to-day peifoimance A child is 
exposed to an ordeied piocess of tiaimng m class, and it helps 
a gieat deal to know what a tiamed, thoughtful observer sees 
the child do This kind of information is not available foi a 
two-yeai-old, of couise, but with evei youngei age-ianges 
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being admitted these days to special educational situations, 
the evidence begins to mount up by the time a child is six 01 
<mven yeais old 

Foi many yeais in oui department we have been paiticu- 
laily inteiested in the use and misuse of galvanic audi¬ 
ometry We find that there aie thiee kinds of patterns 
1 elating to the situation 1 the ease and speed of condition¬ 
ing, 2 the latency of the lesponse, 3 vanous details of 
timing involved m the test-pictuie With lelatively few ex¬ 
ceptions, when one is dealing with damage to the penpheial 
mechanism, conditioning is easy, leady, and consistent La¬ 
tency of response is usually within half a second The le- 
qunement of i emfoi cement may vaiy consideiably So, too, 
does the natuie of the signal Some childien respond bettei 
to a steady-state tone, some bettei to a tone pulsed at a 
fiequency of thiee oi foui pei second With the childien 
whose pnmary pioblem turns out to be a language disordei, 
difficulty m mtegiatmg and putting to meaningful use the 
mfoimation piesented thiough the auditory system, the same 
geneial patterns exist but with much extension of time It 
takes longei foi these childien to be conditioned, and theie 
may be extieme variations in latency of lesponse With the 
othei laige gioup of childien who seem to have a cential 
auditory pioblem, peihaps at the level of the mteibiam oi 
the thalamic loops, I doubt that the majonty can evei be 
cleaily conditioned One may see lesponses, many of them, 
but they do not follow a pattern Theie is much vanety, too, 
in teims of latency and the details of extinction This is 
peihaps lelatable to the sort of thing eunently being demon- 
stiated in clinical psychology as moie and moie lefmements 
of peiceptive modes aie studied in oldei childien, some of 
these aie lelatable to vanous signs and symptoms of possible 
bram-damage, some aie not Psychologists use the term 
variability to descnbe many of the sensory intei relations of 
the brain-damaged child, and it is felt that this is a good 
functional description of some of these cential auditory 
problems The signal, and the information denvable fiom it, 
changes, shifts This is inconsistency fiom the point of view 
of the testei, vailability fiom the point of view of the sub- 
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ject One wondeis what the woild of sound is like undei these 
cncumstances 

When this discussion is finished we can piobably all agiee 
that the only leally good test of the entile lange of heaung, 
listening and undei standing, the leflexes of the auditory 
mechanism and the mtegiation of the coitical system, is a 
speech heaung test, but this, of couise, lemains beyond 
leach when one is dealing with small childien, unless a pai- 
ticulai child has developed some language and some useful 
speech 

Back again to the auditoiy system, theie aie many intei- 
estmg obseivations to be made lelative both to loudness and 
pitch, the two psychological paiameteis of auditoiy sensi¬ 
tivity In oui obseivations—and one doubts that the case¬ 
load we see is unusual—we find that among the childien who 
offei cleai evidence of piofound auditoiy involvement, so 
much that they cannot possibly learn without the veiy best 
of special education, seven out of ten have something moie 
than penpheial auditory lesions In lefeience heie is the 
pieschool-age gioup Appi oximately seven out of ten give 
evidence that then auditoiy difficulties lie somewheie m the 
biam stem 01 mteibiam, m the thalamic stiuctuies, or m 
some aspect of coitical lelationships 

Di Deibyshne made lefeience to a kind of “auditoiy 
hiatus” in some of these childien We have had similai ex¬ 
periences Time and time again, we have tued to condition 
with a 90-decibel tone without success Then we shift to a 
25-decibel tone and immediately get lesponses Sometimes, 
aftei a child begins to lespond galvanically, one luns into a 
gap of peihaps 40 decibels, theie aie spoiadic lesponses to 
vanous tones somewheie neai the lange of noimal thieshold 
acuity, but it lequnes a signal of 40 oi so decibels above this 
level m oidei to achieve a consistent pattern of lesponses 
This almost foices one to think of some of the auditoiy piob- 
lems commonly seen in a child with Rh athetosis Di Good- 
hill and otheis have demonstiated by histopathologic evidence 
that at least m some of these children the damage may well 
he at the level of the auditoiy nuclei m the biam stem We 
have examined many such pioblems, and find that with few 
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exceptions they want much moie loudness via a healing aid 
01 otliei amplification than does a child 01 an adult with a 
compaiable pui e-tone cuive lepiesentmg a penpheral piob- 
lem 

Some veais ago, it became appaient that once theie was 
good evidence of lesponses in the legion of thieshold acuity 
(we aie still discussing galvanic skm lesistance audiometiy), 
it was piofitable to observe leactions to a five- 01 six-octave 
pitch-swing at levels well above thieshold Some childien 
lespond to this stimulus, some do not One cannot pietend to 
know the details of w r hat this means Wheie theie is a con¬ 
sistent leaction to this changing acoustic event, howevei, 
one may assume that it lepiesents an on-gomg, diffeient 
event to the child This capaciti, we have obseived, is com- 
monlj not piesent in childien who piove to have extieme 
cential auditory disoideis, whethei 01 not this is combined 
with an aphasoid pioblem 

On the otliei hand, theie is a cleai 1 elation between awaie- 
ness and intelligibility that can be studied, foi example, m 
the pioblems of genatnc audiology On much less secuie 
bases, one can observe awaieness of sound in a child (assum¬ 
ing that theie is good evidence of lesponses within normal 
lange), at much lowei levels of intensitv than can be used 
in teims of intelligibility Many oldei childien who have 
had the advantage of good tiaming m language aie awaie 
of sound at much lowei levels than they can put to use It 
may be that a listening cncuit is involved heie 

One moie point, a mattei that we have found confusing 
In the couise of otologic and audiologic history we have all 
learned to use decibel notation in descubmg the intensity- 
loudness factois of an affected end-oigan One wondeis, 
howevei, how anybody can make a statement m terms of 
decibel notation when the pioblem lies high m the cential 
mechanism The essence of this kind of pioblem is that it is 
not a pattei n, it is not a constant, it does not 1 emam "the 
same”, theiefoie, the idea of descubmg a child with a cential 
disoidei, on the basis of subjective auditory lesponses, as 
having a 90-decibel heaung loss, is to my way of thinking 
absuid Tins is like taking blood piessuie with a clinical 
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theimometei, one might get some soit of a leading, but it 
would scaicely be descuptive of a dynamic state of affans 

Dr Ira J Hirsh On this second question, concerning the 
use of tests foi identifying a pathology, Madam Tienque 
wntes—The fust question to be answeied is, is the lesion 
situated m the middle eai 01 in the internal eai ? In hei 
fust paiagiaph she points out the well-known obseivation 
that when healing loss exceeds appioximately 60 decibels, one 
can assume that the innei eai is involved Now, if the deaf¬ 
ness is less than 60 decibels, she has suggested that one make 
a bone conduction examination using conditioning techniques 
She suggests also that if the child is not well enough developed 
to accomplish the test pioceduie, one can use vocal tests to 
attempt to lesolve the pioblem The child who has a tians- 
nnssion deafness, oi conductive deafness, will lepeat conectly 
familial woids that he knows, if one laises the intensity 
sufficiently above the thieshold A child with tiouble m the 
internal eai, even if one laises the intensity fai above the 
thieshold, will distoit ceitam woids, and the intelligibility 
will be below 100 pei cent 

The mannei m which the child has developed language and 
speech is equally a good indication If the deafness is seveie 
he will speak veiv little if at all, and the woids that he uses 
will be simple and childish If the deafness is less seveie, 
the child will not acqune complicated woids The syntax will 
be defective and ceitam consonants will be defoimed The 
child with a conductive deafness, with onset befoie the age 
of acquisition of speech, has a pool vocabulaiy but good articu¬ 
lation He piesents only a moie oi less seveie language le- 
taidation, and m effect he is tioubled by a kind of all-oi-none 
phenomenon eithei the sound is too weak and he doesn’t 
heai it, oi it is stiong enough and he peiceives it without 
distortion 

As fai as indication on the piecise etiology of deafness is 
concerned, in cases of middle eai deafness, these factois aie 
given by othei clinical obseivations than the auditoiy tests, 
foi example, malfoimations of the eai, otitis and toxicosis 
In case of deafness of the internal eai most of the time the 
etiology is difficult to establish m a definite mannei, difficult 
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to establish AAith ceitamtv The natuie of the auditoiy 
lesiduals and the form of the audiometnc cuive do not 
actually peimit us to identify the etiology It is possible 
that the examination of a laige group of childien where the 
diagnostic etiologj is certain aaiII pioduce these interesting 
results in the futuie 

Fiom hei own observations, she notes the following that 
meningitis is followed by lathei seveie destruction, with 
almost no lreanng lesiduals 01 peihaps only islands in the low r 
fiequencies Rubella, on the othei hand, gives cuives situated 
between 60 and 80 db on the audiogram, and moie oi less 
honzontal Heieditarv deafness appeals to piesent a polv- 
moiphism m audiometnc cuives Nothing is identified with 
anything, I piesume, in heieditaiv deafness Within the 
same family one finds a subject w ith a falling cuive, anothei 
wnth a honzontal cui\e, m a thud, complete deafness 

The behavioi of the child dui mg the auditoiy tests veiy 
often peimits the obseivation of phenomena superimposed, 
w’lncli point tow aid a cential location foi the deafness Such 
troubles can be motoi, mental, psa chological The test w ith a 
peep show and with pictuies, fiom liei point of view r , aie 
particularly mteiestmg She gives, thud, indications about 
the development of the deafness Auditoiy tests can permit 
us to follow the evolution of the deafness We haAe thus 
observed, foi example, a functional lecupeiation of the oidei 
of ten oi tAventy decibels m children submitted to auditorv 
training That is to sua-, the cuive Avas laised, the thieshold 
Avas loAAeied, dunng the fust ten months of tiammg, then 
it stabilized She has obseiAed also a lemaikable stability m 
the audiometnc curves Deaf childien AAhom they have fol¬ 
lowed aie m a laige majonty those w T ho w T eie believed at 
fust, fiom otological piactice, to haA j e healing winch does not 
continue to detenoiate 

In conclusion, on this second question, the lesults of heal¬ 
ing tests, onented tow r aid auditorv pathology, aie limited, 
and it is absolutely necessary to supplement these tests m 
all young childien by examining then mental capacity, their 
language and motoi development, and then psychological 
factors 
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theimometei, one might get some soit of a leading, but it 
would scaicely be descuptive of a dynamic state of affaus 

Dr Ira J Hirsh On this second question, concerning the 
use of tests foi identifying a pathology, Madam Tienque 
wntes—The fast question to be answeied is, is the lesion 
situated in the middle eai 01 m the internal eai 7 In hei 
fast paiagiaph she points out the well-known obseivation 
that when heaimg loss exceeds appioximately 60 decibels, one 
can assume that the innei eai is involved Now, if the deaf¬ 
ness is less than 60 decibels, she has suggested that one make 
a bone conduction examination using conditioning techniques 
She suggests also that if the child is not well enough developed 
to accomplish the test pioceduie, one can use vocal tests to 
attempt to lesolve the pioblem The child who has a tians- 
mission deafness, oi conductive deafness, will lepeat conectly 
familial woids that he knows, if one laises the intensity 
sufficiently above the threshold A child with tiouble in the 
internal eai, even if one laises the intensity fai above the 
thieshold, will distoit ceitam woids, and the intelligibility 
will be below 100 pei cent 

The mannei in which the child has developed language and 
speech is equally a good indication If the deafness is seveie 
he will speak veiv little if at all, and the woids that he uses 
will be simple and childish If the deafness is less seveie, 
the child will not acqune complicated woids The syntax will 
be defective and certain consonants will be defoimed The 
child with a conductive deafness, with onset befoie the age 
of acquisition of speech, has a pool vocabulaiy but good articu¬ 
lation He piesents only a moie oi less seveie language ie- 
taidation, and m effect he is tioubled by a kind of all-oi-none 
phenomenon eithei the sound is too weak and he doesn’t 
heai it, oi it is stiong enough and he peiceives it without 
distortion 

As fai as indication on the piecise etiology of deafness is 
concerned, m cases of middle eai deafness, these factois aie 
given by othei clinical obseivations than the auditory tests, 
foi example, malfoimations of the eai, otitis and toxicosis 
In case of deafness of the internal eai most of the time the 
etiology is difficult to establish in a definite mannei, difficult 
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assessment, but let us assume that we must make a judgment 
on the basis of healing tests only What kind of infoimation 
can we get fiom them to help us decide whethei the oiganic 
abnormality is in the penphery, m the C N S , 01 m both 9 In 
the limited time available, let us restuct ourselves to geneiali- 
ties, acknowledging m advance that theie aie exceptions to 
all of the geneialities 

The child with a penpheial defect will usually startle 
fanly consistently to sounds above his threshold The child 
with a C N S defect mav react at fust to very weak stimuli, 
but soon becomes lefiactory to very intense sounds, 01 he 
may not leact at all, even to the most intense sounds 

If thiesholds of auditory sensitivity can be leliably de¬ 
termined, children with penpheial lesions most often will 
show sloping audiogiams with the high fiequencies most 
seveiely affected Childien with abnoimalities of the C N S 
01 central nervous system, may have noimal thresholds, 01 
fiequently, hearing losses of about 60 db foi all frequencies 

Within any one test the child with a simple penpheial 
defect will usually show consistency of lespouses within the 
limits imposed by lus age The child with an abnormality of 
the CNS will usually not be consistent in his lesponses, 
that is, Ins appaient thieshold may fluctuate unpiedictably 
by as much as 30 to 40 db Often it is impossible even to 
estimate the thieshold foi this child 

A child with a simple penpheial defect is moie leadilv 
conditioned than a child with a C N S defect to lespond 
voluntanly to auditory signals This difficulty may be earned 
ovei into the conditioning of electiodeimal lesponses to sound 

In audiometry employing the electioencephalogiaph, the 
child with a C N S abnormality may sometimes show noimal 
auditory sensitivity thiough electioencephahc lesponses while 
asleep, even though while awake he does not lespond con¬ 
sistently to very intense sounds m othei tests The child with 
a penpheral defect will show the same thiesholds thiough 
electioencephalic lesponses w r hen he is asleep as he does 
thiough overt lesponses when he is awake 

When theie aie both penpheial and cential abnoimalities 
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Dr Robert Goldstein Studies of pathologic anatomy pio- 
vide us with only limited evidence that lesults on vanous 
heaung tests can be associated with vanous pathologic con¬ 
ditions This is mostly because studies 1 elating heaung 
losses to lnstopathology have been lestncted laigely to penph- 
eial auditory stiuctuies, and then mostly in adults In the 
studies of pathologic conditions in the cential neivous system 
the accompanying audiologic studies have, in geneial, been 
inadequate We can say, howevei, that loss of auditory sen¬ 
sitivity is associated with oiganic defects of the auditoiy 
neive and cochlea, pioblems of language compiehension and 
pioduction with oiganic defects of some portion of the cential 
neivous system We have veiy little knowledge of how much 
01 what kind of cential neivous system lesion may be le- 
sponsible foi loss of auditoiy sensitivity, 01 of how much 
damage theie is m the penpheiy in peisons with language 
dysfunction 

We have available consideiable mfoimation about some 
childien, which allows us to compaie lesults of heaung tests 
with educational piogiess, with development of skills of com¬ 
munication, and with geneial behavioi In some of these 
childien the pathologic basis of then auditoiy disoideis aie 
quite certain fiom othei neuiologic 01 physical defects, and 
fiom medical and developmental histones In the absence of 
any cleaily defined pathologic condition, we can still mfei the 
pathology on the basis of similanties in lesults on healing 
tests and m educational development to children in whom the 
pathologic bases of then disoideis aie more certain, and 
yet, with all this mfoimation we cannot say with certainty 
that the lesults of heanng tests, 01 of educational progiess, 
tell us moie than 1 theie is a 1 eduction in sensitivity to 
sound, piobably fiom a defect of the penpheial auditoiy 
mechanism, 2 theie is a distuibance of auditoiy peiception 
oi of linguistic development piobably because of some organic 
abnoimality of the cential neivous system, oi C N S 

When we examine very young childien we do not have the 
opportunity to use hindsight from educational development 
to aid us in determining the natuie of then auditory disoideis 
We may have othei than hearing tests to help us with oui 
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assessment, but let us assume that we must make a judgment 
on the basis of healing tests only What kind of infoimation 
can w r e get from them to help us decide i\hethei the oiganic 
abnormality is m the peilphery, m the C N S , or in both’ In 
the limited time available, let us lestuct ourselves to geneiah- 
ties, acknowledging in advance that theie aie execptions to 
all of the geneialities 

The child with a penpheial defect will usually staitle 
fanlv consistentl\ to sounds above his threshold The child 
with a C N S defect mai react at fust to verv w r eak stimuli, 
but soon becomes refiactory to very intense sounds, 01 he 
may not leact at all, even to the most intense sounds 

If thresholds of auditory sensitivity can be reliably de¬ 
termined, children with penpheial lesions most often will 
show sloping audiograms with the high frequencies most 
sevei ely affected Clnldi en with abnoi malities of the C N S 
01 cential nervous system, mav have noimal thresholds, or 
fiequently, hearing losses of about 60 db foi all frequencies 

Within any one test the child with a simple penpheial 
defect will usually show consistency of lesponses within the 
limits imposed by his age The child with an abnormality of 
the CNS will usually not be consistent in his lesponses, 
that is, his appaient thieshold may fluctuate unpi edictablv 
by as much as 30 to 40 db Often it is impossible even to 
estimate the thieshold foi this child 

A child mth a simple penpheial defect is moie readih* 
conditioned than a child with a CNS defect to lespond 
voluntanlv to auditory signals This difficulty mav be earned 
ovei into the conditioning of electiodermal lesponses to sound 

In audiometry employing the electi oencephalograph, the 
child with a C N S abnormality may sometimes show noimal 
auditory sensitivity thiough electioencephahc lesponses while 
asleep, even though while awake he does not lespond con¬ 
sistently to very intense sounds in othei tests The child with 
a penpheral defect will show the same thiesholds thiough 
electi oencephahc responses when he is asleep as he does 
thiough overt lesponses when he is awake 

When theie are both penpheial and cential abnormalities 
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m the same child the consistency 01 inconsistency with which 
a child lesponds mav be the most significant diffeientiatmg 
cuteiion In such instances, howevei, we must deuve addi¬ 
tional diffeientiatmg information fiom othei tests and ob- 
seivations 

Dr Silverman We will lefei now to the thud question, 
and that is, what particulai testing techniques have you found 
to be most successful in yielding answeis to eithei 01 both of 
the fust two questions 9 

Dr William G Hardy As to the thud question, a good 
part of this has alieadv been discussed Di Goldstein just 
added moie by implication I should like to make a few moie 
observations 

I believe we have all learned ovei the couise of yeais that 
a fundamental technique is to get the cleaiest kind of evi¬ 
dence we can fiom paients who aie thoughtful, caieful 
obseiveis Oftentimes we find that when we woik with 
paients who have been thoughtful and cleai in then observa¬ 
tions, much of the clinical fancy-woik that we do is simply 
conoboiative 

In the couise of time we have come to value extiemely 
highly the paients’ answei to a simple question that has to 
do with the child’s development, it pioduces paiticulaily 
good dividends when theie aie othei small clnldien m the 
family “When this baby was tlnee 01 foui months old—not 
moie than that—did vou have any question about his heal¬ 
ing 9 ” Oftentimes, when the ultimate pictuie indicates an 
aphasoid disoidei, they answei “No” Oftentimes, when 
theie is a seveie cential abenation of one soit 01 anothei, the 
answei is cleaily “Yes ” Oftentimes, the paients had not 
obseived anything untowaid, but this negative fact, itself, is 
important What we want to know, of couise, is what can 
appiopi lately be called an auditory oiientmg leflex which 
should be piesent m infants who both leceive and peiceive 
sound 

We like to see what children do m a conti oiled sound field, 
undei highly stiuctuial cncumstances, and watched by at 
least two tiamed obseiveis Many kinds and levels of noise 
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and sound aie employed, the general tvpe and xange of "which 
is clearlv known Now, a thiee-month-old child does not 
wave Ins arms aiound and point to the sound-source, but one 
can see all soits of leflexes and leactions, often localization, 
sometimes an intei luption of his activities This last is a 
kind of negative lesponse which, I believe, is entnely valid 
when judged as a leaction Usually, when we see these le- 
sponses, and help the parents to lecognize them, we letum to 
some of the details of parental observation and jog their 
memories a bit Theieaftei, they come thiough with many 
moie comments of then own about things they have seen the 
child do, but have not believed then own eyes, because some¬ 
body had told them that then child was deaf Tins, to most 
paients, means a total thing (raie, indeed), so they stop ex¬ 
pecting the child to lespond to sound 

I feel that I must take sharp issue with Dr Tienque, in 
absentia, on the etiology and the presumed fact of total deaf¬ 
ness, because, from her description I do not know what she 
means bv deafness We see hundieds and hundieds of post¬ 
meningitic children ovei the v ears, and I do not lemember 
one that was totally deaf m the sense of complete loss of audi¬ 
tory reflexes For the most part, I believe, this busmess of 
the total, bilateral destruction of the penpheral mechanism is 
a thing that belongs m history Medicine in the past 20 yeais 
has changed all this considerably We are all well awaie of 
the total involvement of unilateral impairments fiom various 
causes, but bilateral destruction is something diffeient Of 
couise, m an isolated instance, meningitis can still result in 
this but, fortunately, m communities with good medical caie 
a child does not go two weeks without hospitalization and 
diagnosis If he did, one suspects, he would probably emeige 
totally deaf now, as he used to 

I shall not sav anything moie about galvanic audiometry 
Our news on that are well known in the literature We are 
beginning to work seriously on EJE G audiometry, which has 
great possibilities, not onlv in measurement of function but 
also m furthering information about specific sites and modes 
of neuro-phj siologic dysfunction Let me letum to a com¬ 
ment made before. If one is dealing with a child who has 
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some language and speech, the xeal point is a thoiough test 
of speech-heaiing This, too, needs to be believed A child 
who gives a subjective puie-tone audiogiam of appioximatelv 
80 db m the speech-heaiing lange, but who then demonstrates 
a speech-heaiing tlueshold as good as 40 decibels, is not an 
educatively deaf child Anothei small note of warning we 
see many childien in the course of a laigely consultative 
seivice who appaiently have cential auditoiy disoideis, but 
who have been foiced to use the heaviest duty healing aids 
with maximum gams They have not wanted these aids, for 
the obvious leason that they have been given too much sound 
This warning will beai leiteiation, foi it is something about 
which gieat caie must be taken in the field At stake heie, 
m part, is a wide-eyed acceptance of a concept of deafness 
as a total kind of behavioi, as though one weie talking about 
a specific entity, always i elated to the same tissue, the same 
tissue-damage, and the same dysfunction It is extiemely 
important in dealing with young childien to deteimme wheth- 
ei the pioblem is penpheral oi central, oi combined—-whether 
it involves both healing and listening, oi something else 
entnely, we also find—and believe that this is sensible 
piactice—that oftentimes when one is quite suie that the 
penpheial mechanism functions fanly well and that theie is 
evidence of a central involvement, a very mild-gam heaung 
aid may be salutaiy, laigely as an attention-centenng device 
This is a mattei of judgment and expenence, not only in 
teims of a test-pictuie but also all the lest of the pictuie 
which, to us, mvolves a most thoiough otologic, pediatnc, 
neurologic and often psychiatnc appiaisal 

We were asked to discuss heaung tests One idea that has 
emeiged fiom this discussion is that eveiybody who has 
spoken on these topics has agieed that heaung tests alone 
aie not sufficient to describe these problems, moie than that, 
that any one hearing test is totally inadequate to descube even 
a majoi pait of the functions that 1 elate to what I have been 
calling “leflexive heaung” 

Just two moie points I should like to commend attention 
to Di Deibyshne’s use of the tenn aphasoid This is a good 
teim, because it does not have a direct relationship with the 
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classical neurologic histoiy of the aphasia that many of us 
have lived with Moie than that, it sti esses the idea that we 
are not dealing with a little categoiy of specific damage that 
can fit into a cubby-hole, the “old” simply means like When 
a child is described as aphasoid m behavioi, the descubei is 
on safe ground, because he is piesumably saying that the mam 
trouble is not auditoiy, and that he wishes he knew bettei 
how to desci ibe what is wrong with him 

This world of ouis needs to wake up to the needs of chil- 
dien who have these diveise, diffuse central language dis¬ 
orders, with 01 without central 01 penpheral auditory dis- 
ordeis Some of you gentlemen here at the Central Institute 
for the Deaf may foiget that you aie sitting m the “angel’s 
chair ” You have a curriculum and a faculty capable of 
moving a child back and forth, at need, from one stream of 
training to anothei To my knowledge, there are piecious 
few othei places in existence wheie this second pioblem, this 
aphasoid behavior, is even lecogmzed, let alone where some¬ 
body is trying to do something about it 

Dr. Ira J Hirsh The usefulness of the test depends more 
on the method employed than on the particulai test technique 
Auditory tests alone are incapable of resolving the pioblem 
as the risks of enoi aie too gieat Auditory tests must be 
included in an ensemble of tests We oui selves proceed m 
the following mannei m the first place, we make a very 
complete interrogation of the paients on the history of the 
child’s genetic development, his motoi behavioi, his emo¬ 
tional, sensory, and intellectual behavioi, the development of 
his language, and his family In the second place, we study 
the mental age of the child Theie exists m France a batteiy 
of non-veibal tests, established by Madame Borel-Maisonny, 
that we consider sufficient foi a primary discrimination 
What we wish to know heie is whethei or not the child has 
a substantial mental letaidation, and whethei he is capable 
of accomplishing the audiometnc tests In the thud place, 
we study his language This language evaluation has two 
objectives first, to analyze difficulties m the language be¬ 
havioi itself The alterations in language can be subsumed 
under two groups of phenomena First, the tonal quality of 
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the voice, the lhythm and aiticulation, when these aie very 
alteied the child’s language is only a babble, (Fiench, chaia- 
bia), only once m a while modulated by a lecognizable woid 
The second concerns the understanding of woids and then 
memorization, changes m syntax and automatic responses and 
verbalizations The fust category is the fact of penpheial 
deafness, and the second indicates disoideis of cential ongm 

Fourth, we pioceed to the auditoiy tests We always use 
tests with noise, 01 puie tones, and the spoken voice The 
pnncipal basis foi the voice tests, to which we attach gieat 
importance, is the utilization of responses that the child 
alieady has, and these can be established m collaboration 
with his paients Can the child lespond to his name, some 
woids that he seems to understand, what aie some of his 
vocalizations, the woids that he can pionounce and otheis 
that he can understand’ The tonal test that we find most 
useful is the peep show, because it can be used relatively 
eaily, in certain intelligent childien at the age of thiee yeais, 
m otheis at foui yeais of mental age This age is precisely 
the one at which we wish to begin intensive training The 
second leason foi using the peep show is that it is very pre¬ 
cise Oui experience in this aiea is abundant We have 
been using it for seven yeais Thud, the behavioi of the 
child dunng the couise of the test is nclr m revelations of 
his own chaiactei and capacities foi attention, self-conti ol, 
comprehension and emotional behavioi 

Among the vocal tests oui piefeience is foi a test with 
pictures We have assembled a laige collection of pictuies, 
among which we always find objects 01 animals that are inter¬ 
esting to a child We name them with a term that he uses 
himself, 01 that he can leam If a child does not speak, but 
is capable of designating these objects with some name 01 
othei, even though incoiiect, this name is used m the test 
The test permits us to leam very lapidly the capacities both 
foi healing and foi lipreading m the child 

Dr Robert Goldstein Foi every child we try to get as 
much information as possible fiom extensive case histones, 
fiom psychometnc examinations, fiom neuiologic examma- 
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tions when possible, and fiom caieful obseivations of geneial 
behavioi Foi today, howevei, I shall limit myself to the 
usual kinds of heaung tests we use to learn the natuie of 
auditoiv disoideis, in oidei to make educational lecommenda- 
tions 

In all of oui heaung tests we look foi at least two things 
one, the weakest sound to uhich a child will lespond, that is, 
his thieshold, two, the mannei m which he lesponds to sound 

Fust of all we look foi overt leactions to sound, eithei 
startle lesponses 01 voluntaiy responses Oidmaiily, it is 
difficult to obtain startle lesponses at a child’s thieshold, 
but if we begin with weak sounds fust and giadually mciease 
the intensity, we may get the fust leaction close to thieshold 
Almost any child will cease to leact to the same kind of sound, 
even at high intensities, if that sound is lepeated frequently 
Vanation m the kind of stimuli does much to delay this 
adaptation to sound The child with a C N S abnormality 
tends to ignoie sounds soonei than the child with a simple 
penpheial abnoimality 

Whenevei it is possible, we attempt to condition a child to 
make a voluntaiy lesponse, such as removing a peg fiom a 
boaid when he heais a sound The child with an abnormality 
of the C N S is much moi e difficult to condition than a child 
with a penpheial defect In any case, we extend oui selves as 
much as possible to condition a child in ordei to get him to 
lespond at the limit of his sensitivity 

When oui findings on the basis of overt behavioi aie too 
vague to be dependable, we ti y to determine a child’s auditory 
threshold mdnectly by using electiophysiologic leactions to 
sound as mdicatois of “heaung” We attempt to condition 
electrodeimal lesponses, bettei known to you as GSR, to 
sound with electnc shock as the unconditioned stimulus Oi 
we examine electioencephalic lesponses to sound, that is, 
changes m the biam waves in lesponse to sound while the 
child is asleep We do not attempt to condition electioence¬ 
phalic lesponses In both electiodermal and electroencephalic 
audiometry we tiy to be as objective as possible in oui judg¬ 
ments of electrical lesponses, which we analyze, by the way. 
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only after oui test is finished, however, we do make note of 
any overt lesponses dui mg oui tests 

As in the case of conditioning voluntaiy lesponses, it is 
geneially moie difficult to condition electiodeimal lesponses 
to sound m childien with C N S defects than in childien with 
penpheial defects This is by no means a cleai diffeientiat- 
mg cutenon because theie aie many deaf childien and many 
noimal childien who aie also difficult to condition 

In our buef expenence with electioencephalic audiometiy 
we have found that it woiks as successfully with the childien 
we call aphasic as it does with deaf childien We see on 
a few occasions that childien with C N S abnoimalities give 
lesponses to significantly weakei sounds than evei consis¬ 
tently elicit voluntaiy 01 electiodeimal lesponses Oidmaiily, 
though, there is good agieement among all tests as to thiesh- 
old of auditoiy sensitivity when theie aie leasonably con¬ 
sistent lesponses in each of the tests 

Sometimes we aie successful in deteimining auditoiy 
thiesholds by these mdnect techniques, and sometimes we aie 
not Most often, howevei, we get enough information to con- 
fnm, at least partially, what we aie able to observe in the 
overt lesponses 

In geneial summaiy, we tiy to condition voluntary re¬ 
sponses to sound whenevei possible and lely on staitle le¬ 
sponses when we cannot condition a child We push to the 
limit of auditory sensitivity but we note lesponses to supia- 
threshold stimuli as well, as indication of a child’s oidinary 
leaction to sounds We attempt mdirect detei mmation of 
thresholds thiough electi o-physiologic responses to sound 
when we cannot obtain leasonably consistent overt lesponses 
The child with loss of auditory sensitivity because of a defect 
of the auditory nerve 01 cochlea, that is, the deaf child, usual¬ 
ly conditions fanly easily within the limits of his age, is 
leasonably consistent m his lesponses, and usually shows a 
gieatei loss of sensitivity foi high frequencies than for low 
frequencies The child with a defect in auditory peiception 
and in linguistic development, because of some C N S ab¬ 
normality, is moie difficult to condition, is usually inconsistent 
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m his 1 espouses, and most often shows no loss 01 only a 
moderate loss of sensitivity 

Dr. Silverman Di Myklebust w ill give his answeis to the 
questions m a single presentation 

Dr. Helmer Mv klebust Emphasis on the ways in which 
hearing tests can be useful in making educational lecommenda- 
tions is highly desnable Often heaung tests have been an¬ 
alyzed in terms of their significance in psychophysiology 
■without refeience to the implications of the results foi the 

Basic Objectives for the Appraisal 
ot AudItor\ Capacities 


Determine the tvpe Determine the Extent Determine the Site 

of Auditor'v Disorder of the Defect of the Lesion 


Fig L 


The Primary Tvpes of Auditorv Disorders 


Peripheral Deafness 
Central Deafness _ 

Psychic Deafness_ 

Perceptual Disorder _ 

Receptive Aphasia __ 

Auditorv Agnosia -_ 

Overlapping Conditions 


.(End Organ) 
(Auditorv Pathwavs) 

_(Mental Illness) 

_(Listening Defect) 

„ (Language Disorder) 
(Xo Sound Meaning) 
(Multiple Disorders) 


Fig 2 


child's education and geneial adjustment When we study the 
objectives foi appiaismg a child's auditory capacities we find 
there are at least three basic goals (a) to deteirrune the type 
oi natuie of the auditory incapacity, (b) to determine the 
extent oi the degiee of the defect, and (c) to ascertain the 
site oi sites of the lesion This is shown schematically m 
Fig 1 

Theie aie six conditions encounteied m the appiaisal of 
auditory disoideis m young childien, as shown m Fig 2 
The seventh possibility is that moie than one deficiency is 
piesent, necessitating the determination of overlapping con¬ 
ditions 
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Peiipheial deafness lefeis to end-oigan defect Centxal 
deafness means that the auditoiy pathways in the cential 
neivous system have been impaiied and that the neive im¬ 
pulses do not leach the inteipietation aiea m the auditoiy 
coitex This impaiiment falls essentially between the coch- 
leai nuclei and the medial geniculate bodies 

Psychic deafness is the condition wheieby the child has 
adequate capacities oigamcally but 1 ejects sound foi leasons 
of emotional dismtegiation It is oui expenence that psychic 
deafness m young clnldien occuis mainly m psychotic chil- 
dien, but might be piesent in the seveiely neuiotic 

Receptive aphasia occuis as a lesult of damage to the 
mtei pi etation aiea m the tempoial lobe It is a symbolic 
language disoidei and is piesent with consideiable fiequency 
m young clnldien 

Auditoiy agnosia lefeis to the condition lesultmg fiom 
gioss damage to the auditoiy cortex Appaientlv this con¬ 
dition occuis only laiely When it is piesent the child can¬ 
not attach meaning to any sound although he has noimal 
heaung acuity 

Auditoiy peiceptual disoideis aie complex and may af¬ 
fect the normal auditoiy piocess m vanous ways Figuie- 
giound may be distuibed with the lesult that the child cannot 
use the auditoiy field selectively, thus, he can heai, but he 
cannot listen Auditoiy memoiy and disciimmation also may 
be involved 

Oveilapping conditions lefei to the piesence of moie than 
one defect Pei haps one of the pnmaiy pioblems lelative to 
heaung impaiied childien is the multiple handicap of heaung 
loss and biam damage 

Complete auditoiy appiaisal assumes that each of these 
conditions has been consideied and that the specific type of 
auditoiy disoidei has been deteirmned 

Now we come to the second majoi objective, the deteimma- 
tion of the extent 01 the degiee of the defect If peiipheial 
deafness is piesent it is essential to ascertain the degiee of 
the heaung loss For educational pui poses the most sig- 
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nificant single factoi m this connection is the extent to which 
the deafness has affected language acquisition and usage 
Foui majoi classifications of degiee of deafness lelative to 
educational lecommendations aie shown in Fig 3 

Children with a moderate healing loss do not lequire 
specialized educational pioceduies Their language abilities 
fall within noimal limits Those who aie seveiely haid of 
hearing lequne special educational methods, but they benefit 
substantially fiom the use of amplification The profoundly 


The Degree of Deafness 


Hard of Hearing (Moderate) 

Heard of Hearing (Se\ere) 

Profound Deafness 

Deafened 

Fig 3 


The Site of the Lesion in 

Auditorv Disorders 

External Ear . . .. . 

(Atresias) 

Middle Ear . 

... __ . ~ (Conductive) 

Inner Ear ... . __ _____ 

_____(Nerve-cochlear) 

AudItor\ Pathways__ ___ 

___ (CXS ) 

Auditorv Cortex _ ___ 

___(Temporal Lobe) 


Fig 4 


deaf child seems to gam very little educationally fiom ampli¬ 
fication, and theieby is dependent upon the specialized tech¬ 
niques developed specifically by educatois of the deaf The 
deafened child is one who has sustained piofound deafness 
aftei five years of age and thus retains his language abilities, 
when profound deafness is sustained pnor to five years of 
age usually the language which had been acquned is not 
retained 

The thud pumary objective of the auditory appiaisal is 
to determine the site of the lesion Five major sites of lesions 
to be consideied m appraising auditory capacities are shown 
m Fig 4 

Lesions of the external, middle, and mnei eai traditionally 
are determined by tests of acuity, usmg the bone and an 
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conduction methods The most common type of deafness in 
young childien is that which lesults fiom deficiency in the 
mnei eai Fiequently, mnei eai lesions can be piedicted 
fiom the degiee of the healing loss, when losses of 60 , 70 , 
80 db, oi moie aie piesent it is appaient that the loss does 
not deuve fiom a simple conductive involvement Lesions of 
the cential auditoiy pathways and of the auditoiy cortex are 
moie difficult to deteimme objectively, howevei, some test 
suggestions aie given latei 


Age of Onset of the Auditor' Disorder 


Prenatal Period 

Pre-speech Age 

Eail\ Language Period 

Late Language Period 

^(Before Birth) 
(Birth to 2 )rs ) 
_ „ (2 to 5 \rs ) 

(After 5 ' rs ) 

Fig 5 



Etiological Classification of Peiipheial Deafness 


Endogenous—(All lieieditar>) 

Exogenous—(All non hereditary) 

(a) Meningitis 

(b) Othei diseases 
Undetermined (Unknown) 

— 

22 6% 

. 11 3% 
27 8% 
„ 38 3% 

N = 822 

— 

100 % 


Fig 6 


Two othei significant determinations fiom the point of 
view of educational lecommendations aie the age of onset 
and etiology These do not deuve dnectly fiom the auditoiy 
test itself, but they aie factois that must be consideied when 
inteipietmg the lesults The importance of age of onset is 
indicated by the diffeient natuie of the educational lecom¬ 
mendations when deafness is sustained m the pie-speech age, 
oi aftei five yeais of age The importance of etiology is 
indicated by the lnghei incidence of multiple handicaps, such 
as deafness and biam mjuiy, when the deafness lesults fiom 
l ubella, meningitis, oi certain othei diseases The pumary 
classifications of age of onset m young childien aie shown m 
Fig 5 

The pumaiy etiological classifications aie shown in Fig 6 
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That etiological factors are significant m terms of edu¬ 
cational recommendations is apparent fiom the fact that 
leseaich ie\eals significant diffeiences between the exogen¬ 
ous and endogenous in such aieas as intelligence, motoi capa¬ 
cities, and educational achie'vement 

No one test of auditoiv capacitj can satisf\ all of oui 
demands or goals Actually thiee essentialh diffeient types 
of tests aie lequned This is lllustiated in Fig 7 


Diagnostic Appraisal of Anditorv Capacities 


1 

Peripheral Nervous 

S vstem—En d-0 r gan 
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Central Nervous S\ stem 
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Psychological Integrity 
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j) Sound field speech, 
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i) PGSR 

(c) Perceptual Tests 

(c) Vocal monitoring 

1) EEG 

(d) Language Tests 
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Echolalia 

i) Behavioral Symptoms 

(e) Pain Sensitivity 

(e) Comprehensive- 


Tests 

Selective 


(f) Behavioral Symptoms 

(f) Behavioral Symptoms 


Fig- 7 


Most tests piovide relevant information concerning the 
integrity of all three of these avenues Fox example, if a 
child is difficult to condition, either with PGSR or in con¬ 
ditioned play audiometiy, there is a presumption that even 
though he might have a heaung loss, he is also biam damaged, 
mentally ill, or mentally deficient, however, some tests aie 
more useful than otheis fox ascertaining a specific type of 
integrity We have found listening tests to be highly useful 
in the study of children piesentmg pioblems of the brain 
damage type In geneial, receptive aphasic children have 
auditorv perceptual disordeis, and thus cannot give the 
sustained attention lequired m listening We are xn the 
process of standaidizmg a battery of auditoiy perceptual 
tests on noiTnal children and those with auditory disorders, 
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and these tests show piomise foi use m diagnosis The im¬ 
plications of this study aie shown m Fig 8 

Noimally we select sounds fiom the auditoiy field accoid- 
mg to oiganismic exigencies at any paiticulai moment This 
is illustiated by the anows showing noimal shifting of figuie- 
ground We see also that a basic function of backgiound 
heaung is scanning of the envnonment in oidex that the 
oiganismic homeostatic 1 elationships can be maintained In 
contiast, foiegiound heaung selves the basic puiposes re¬ 
quiting listening, especially foi the puipose of communication 


Auditory Peiceptual Functioning and F igure-Giound Behavior 
Normal shifting of 

- y Foreground 

Figure ground Hearing 

Listening 

Receptive language 
Immediate needs of 

_ the organism 


Fig s 

In geneial, study of young childien having auditoiy dis- 
01 deis suggests that they fall into groups on the basis of their 
auditoiy peiceptual behavioi Those having impaiied heal¬ 
ing lose the backgiound function of heaung and, theiefoie, 
aie lestucted to foregiound heaung In psychic deafness the 
child lehnquishes intei-peisonal relations by i ejecting foie¬ 
giound heaung, but he letams the more penpheial oi piimi- 
tive backgiound use of heaung The biam damaged child 
cannot structuie the auditory woild, so he is a victim of the 
entile sound field He cannot select an appropriate sound 
and attend to it to the extent that the orgamsmic needs aie 
achieved satisfactorily In a lecent publication Dr Neff 
leported similai behavioi m cats aftei ablation of parts of 
the auditoiy cortex 

The child with cential deafness seems deficient on tests of 
localization, this is m conti ast to those with penpheral 
deafness, fuithermoie, these childien seem to be leduced m 
pain level lesponsiveness They might have noimal acuity 
by PGSR but do not have ability to monitor then vocalizations 


Backgiound < 

Hearing 

Mandatoiv scanning 
of environment 
Signaling warning 
Homeostatic awareness 
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A numbei of othei chaiactenstic lesponses might be given 

Psychic deafness m young childien fiequently can be de- 
tei mined most satisfactoi lly by infoimal tests, 01 by a com¬ 
bination of foimal and mfoimal techniques Because these 
childien tend to 1 eject foiegiound heaung the test which is 
limited to backgiound responses is most suitable Condition¬ 
ing techniques fiequently aie umehable vith this gioup 
Tests lequmng scanning of backgiound, monitoung of vocali¬ 
zation, and selective compi ehension have been helpful in as¬ 
certaining whethei such childien have noimal heaung and 
aie lejectmg sound foi emotional leasons 

In young childien piesentmg complex auditory disoiders 
the heaung test alone fiequently does not make it possible to 
make a diffeiential diagnosis Often psychological, psvchi- 
atnc, and neuiological study must be included The total 
matui ational aspects and the behavioial symptomatologies 
aie cutical factois 

Of a gioup of 325 pie-scliool age childien with auditory 
disoideis there veie eighty with penpheial deafness, sixty- 
eight with deafness with cential involvement, one hundied 
and fortv-two having aphasic and othei types of cential in¬ 
volvement, twenty-fom with psychic deafness, and eleven 
mentally deficient A leveahng aspect of this study was the 
high incidence of childien having both deafness and biam 
mjuiy and the slightly lnghei incidence of childien having 
auditory disoideis othei than penpheial deafness This seems 
to us to highlight the importance of diffeiential diagnosis 
and the implications foi educational 1 ecommendations 

Dr Silverman What we shall do fust is to ask the panel 
to 1 eact with each othei 

Dr Hardt Considenng the independence of this gioup, 
I think theie is a tiemendous unanimity involved I do not 
know wheie Di Hush stands I am becoming mcieasmgly 
concerned about the use of the teim “biam-injured” as a 
genetic lefeience to so many of these pioblems We see 
many moie childien who get that way fiom pie-natal events 
of one sort oi anothei wheiem theie is no extenoi evidence 
of mjunes Neuiologists examine these childien and keep 
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telling us that they can see no othei evidence of biam injury, 
and oui psychologists keep saying they can see no othei 
paiticulai evidence deteimmable except auditoiy peiception 

You have to be veiy caieful about this concept so that it 
doe c not become a label attached to many of these childien, 
because, m all tiuth, ninety-nine pei cent of oui school people 
will not accept a “biam-injuied” child, wheieas a deaf one is 
all light I would like to know what the panel thinks about 
that 

Dr Myklebust Well, I might sav that I quite agiee that 
we need a bettei teim, also, that, as we use the term, we do 
mean cential involvement, not necessanly litei ally an involve¬ 
ment of the damage type It is entnely possible that some of 
these aie biochemical, of coiuse 

I would like to comment on the lattei pait of Di Haidy’s 
comment just to this extent, that I suppose, cential involve¬ 
ment, 01 damage, whichevei kind of teim we aie going to use, 
is m the state today wheie theie is no one key to it Some¬ 
times the EDG shows it, sometimes a neuiological shows it, 
sometimes the psychological shows it, etc Ceitamly, motoi 
tests and othei tests of this type aie fiequently useful in 
bunging this into the foiegiound It is essential that we use 
a multiphasic appioach of study to this condition at this time 

Dr Goldstein I would like to make two comments about 
the use of the woid or teim “biam-injuiy”, one is that I am 
in paitial agieement with Di Haidy that a peison can have 
01 game mjuiy to the biam and have no obvious pioblems m 
communication He may have peifectly noimal heaung, 
speech and language A peison who does have pioblems m 
communication that cannot be attubuted to a loss of sensi¬ 
tivity, to mental deficiency, oi to psychic distuibance, may 
veiy well have a language distuibance of some soit piesum- 
ably due to some abnoimality of the oigamc cential neivous 
system, m fact, we have enough indications to accept the 
aphazoid oi aphasic behavioi as a symptom of some cential 
neivous system abnoimality 

I have a gieatei objection to the woid “biam-mjuiy” in 
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parallel w ith the term “deafness ” I think we should say 
eithei “ear-mjur\,” “biain-m]ur\ ” 01 “deafness” and some 
othei language distuibances 

Dr Hirsh Di Tienque has wntten a summary page 
which she entitles “Reflections on the Pioblem of Auditory 
Testing of the Young Child, and the Data that such Tests 
Supply ” 

At this stage of oui expenence, we considei that there are 
two categones of childien relatively easy ones and difficult 
ones The lelativeh eas\ ones are the following Fust, 
puieh deaf childien, that is, childien who aie only deaf 
without other deficiencies supeiimposed One knows now the 
behavioi of puielv deaf children, then chaiactenstic dif¬ 
ficulties, and the letaidation that follows the deafness m 
intellectual performance The diagnosis is fairly easy, and 
the measuie of the amount of deafness can be established 
with precision aftei the age of four yeais The second cate¬ 
gory of lelativeh easy cases aie mental defectives These 
are equally easy to scieen It is moie difficult to say wliethei 
a partial deafness is supplemented b\ mental letaidation 

The difficult cases aie composed of the following groups 
children who ha\e important psychic difficulties, aphasic 
children, deaf childien with an intellectual 01 psychic deficit 
In oui opinion, only a piolonged observation will permit the 
establishment of a diagnosis 01 prognosis that is pi ease 
Compensation foi deafness depends essentially upon mental 
capacities and the social adaptation of the child One can 
only hope, even aftei a complete test of healing, intellect and 
psychology of the child The leal capacities foi oveicoming 
deafness cannot be appi eciated definitively even m the couise 
of the fust stage of education, that is, at the acquisition of 
concrete vocabulary, leading and writing, but only aftei the 
child has acquired moie complex notions of time, cause, at- 
tiibutes, etc 

Dr Myelebust I think theie is peihaps moie agieement 
on this question than we had anticipated I suppose I could 
laise the question now as to whetliei we can classify childien 
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telling us that they can see no othei evidence of biam injury, 
and oui psychologists keep saying they can see no othei 
paiticulai evidence deteimmable except auditoiy perception 

You have to be veiy caieful about this concept so that it 
does not become a label attached to many of these childien, 
because, m all tiuth, ninety-nine pei cent of oui school people 
will not accept a “biain-mjuied” child, wheieas a deaf one is 
all light I would like to know what the panel thinks about 
that 

Dr Myklebust Well, I might say that I quite agiee that 
we need a bettei teim, also, that, as we use the teim, we do 
mean central involvement, not necessanly liteially an involve¬ 
ment of the damage type It is entaely possible that some of 
these aie biochemical, of couise 

I would like to comment on the lattei pait of Di Haidy’s 
comment just to this extent, that I suppose, cential involve¬ 
ment, 01 damage, whichever kind of teim we aie going to use, 
is m the state today wheie theie is no one key to it Some¬ 
times the EDG shows it, sometimes a neuiological shows it, 
sometimes the psychological shows it, etc Certainly, motoi 
tests and othei tests of this type aie frequently useful m 
bringing this into the foiegiound It is essential that we use 
a multiphasic appioach of study to this condition at this time 

Dr Goldstein I would like to make two comments about 
the use of the woid 01 teim “biam-mjuiy”, one is that I am 
m paitial agieement with Di Haidy that a peison can have 
01 game mjuiy to the biam and have no obvious pioblems m 
communication He may have peifectly noimal healing, 
speech and language A peison who does have pioblems m 
communication that cannot be attubuted to a loss of sensi¬ 
tivity, to mental deficiency, oi to psychic distuibance, may 
veiy well have a language distuibance of some soit piesum- 
ably due to some abnoimahty of the oigamc central neivous 
system, m fact, we have enough indications to accept the 
aphazoid oi aphasic behavior as a symptom of some cential 
neivous system abnoimahty 

I have a gieatei objection to the woid “biam-mjuiy” in 
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We should gi\ e oui audience an opportunity to direct ques¬ 
tions to anv membei of the panel 

Dr Hirsh I apologize foi not being able to defend some 
of Di Tienque’s points lieie Theie weie certain paragiaphs 
m which I panicked befoie I got to the end, and this will be 
published m full when we publish the proceedings I thank 
Di Bocca, who biought Di Tienque’s paper heie He has 
seen hei recently, and peihaps, fiom the discussion that comes 
fiom the flooi he may wnsh to make a comment 01 two as to 
Ins inflections of hei point of view on these matteis 

Dr Bocca I have no comment 

Dr Silverman We shall now gne oui audience an oppoi- 
tumty to dn ect questions to any membei of the panel 

Dr Bruce M Siegenthaler I would like to duect a 
question to Di Mvklebust In youi last slide \ ou showed the 
lesults of the classification of tluee hundred and some chil- 
dien Will jou comment as to w r hat geneial population that 
has been di awn from 7 What aie the factois that led to 
picking out these particular three hundied and twenty-five 
children 7 

Dr. Mvklebust That is a \erv good point I am glad it 
comes up because I meant to mention, that this is a selected 
sample This is a sample of childien who come to a hearing 
diagnostic centei in a medical school They aie definitely 
selective factors They have come theie because they have 
very leal pioblems 

Dr. Silverman May I ask a question do you think that 
because we become intei ested m a ceitam kind of child, we 
may be looking at a very obscuie sample m the way we 
operate 7 

Dr Mvklebust I would agiee with that entnely, and we 
must be caieful about selected samples That is why, m 
anothei survey which does include childien thioughout the 
nation, we have stiatified samples from all types of schools 
and age levels and so on I think it is a very important ques¬ 
tion I think it is very important to mention that the data 
theie necessarily lepiesent the basic tilings 



INTERNATIONAL CONFERENCE ON AUDlUEUlii 


248 


having ceitam kinds of language disoideis as aphasic I find 
it difficult to see why we should not do so if the condition is 
compaiable to that tiaditionally lefened to with adults I do 
not see why we should confuse age of onset with classification 
The fact that the child sustains this pienatally 01 at the time 
of birth does not altei the basic classification 

In deafness we specify eaily deafness by congenital deaf¬ 
ness, in psycluatiy, they use the teim schizophienia Child¬ 
hood aphasia I wondei what you think about that 

Dr Goldstein I would like to speak m support of that 
comment I think that simply because the teim “aphasia” 
giew up aiound adults does not make it the particulai piop- 
erty of adults People have objected to the use of “aphasia” 
m childien because of the obvious diffeiences in behavioi of 
the adult aphasic They say that the pei son who has sus¬ 
tained an accident is so diffeient fiom the child who nevei 
developed language, but, have you evei stopped to compaie 
an adult who suddenly loses healing to a child who nevei 
had any heaung Theie is a tiemendous diffeience m many 
aspects between these two people, and yet, if they have ceitam 
symptoms m common, we have no objection to calling the 
adult “deaf” and the child “deaf ” 

Dr Hardy I object to calling eithei of them deaf Let 
us considei how much heaung they have 

I would like to play along with this idea of childhood 
aphasia with a pioviso 01 two fust, the field of neuiology 
is beginning to learn what we aie talking about m teims of 
functional and developmental aspects of these pioblems I 
am not suie that is a geneial tiuth at piesent, second, eveiy- 
body who addiesses this concept of childhood aphasia leally 
makes a senous effoit to include and distinguish this business 
of auditoiy peiception 01 impel ception and stop talking about, 
let’s say, a penpheial child with aphasia The only qualifica¬ 
tion is that these things be made inclusive and exclusive m 
one way, whethei one is discussing auditoiy mfoimation as 
the lack of development, or damage to the centeis which have 
to handle that mfoimation as the lack of development, and 
how these two get togethei 
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peiliaps not so tiue of the individual with the diffeience m 
the two eais 

It seems to me that it is something worth watching and 
worth testing for increasingly I think w e have a gieat deal 
to leam with this localization and its validity and leliability 
and so on We do feel that theie is a correlation between it 
and damages that cannot be explained on the basis of penph- 
eial involvement 

Dr Hardy Di Tienque agiees -with that obseivation I 
should think that wheie theie is a piofound involvement this 
■would not be too cutical a point, because, it is oui expenence 
that when it is piofound, eithei penpheial 01 central, it is 
bilateial, both sides aie involved Oftentimes there are 
conductive lesions, 01 acute otitis moie seveie m one side 01 
the othei 

This business of undertaking audiologic appiaisal of these 
joung children without a full foiegiound and background of 
the best possible woik is foi the buds, as we may say 
You have all the information possible about the organic state 
of the child I think that would tend to dnect the thinking 

Mr Jack Rosen I am particulaily pleased to have so 
much attention called to the cential problems, but, at the 
same time, I would like to call attention to the fact that theie 
is no law which lequnes that a child have only one pioblem, 
even if there weie, childien would not obev it 

The purpose of this lemaik is that the central pioblems 
aie determined upon the basis of symptoms which aie not 
auditory foi the most part It is quite possible, and in fact, 
very often it does occui that children do have hearing losses 
and some of these othei symptoms at the same time There 
is a tendency, when attention is called to a new phenomenon, 
to disregaid some of the oldei phenomena and techniques, 
and I would be particularly concerned about the neglect of 
caieful audiological evaluation before deciding that a child 
has only a cential pioblem or only a psychic deafness, because 
this can lead to serious pioblems I would also be very caie- 
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Dr R N Reilly Duiing the discussion of the successful 
techniques none of the membeis of the panel have mentioned 
the question of fiequency modulation m testing young chil- 
dien When I was m the Netheilands thiee yeais ago, Di 
Huizmg was using fiequency modulation m testing babies 
and young childien, and duiing the past six months I have 
used it with quite a good deal of success I wondei what the 
comment of the panel would be in 1 elation to that’ 

Dr Hardy I think, Di Reilly, that this simply leflects 
the time We have used fiequency modulation foi six oi 
seven yeais as part and paicel of the puie tone piesentation 
m subjects It is a wondeiful attention centeung device and 
oftentimes, as you play back and forth between a steady pulse 
tone and then mtioduce modulation, you get lesponses you 
cannot get otheiwise, paiticulaily with C N S involved chil- 
dien, I think 

Dr Maurice H Miller Dr Myklebust mentioned that 
the child with a cential disoidei will have difficulty, 01 may 
have difficulty, m localizing sound Will not a child with a 
penpheial pioblem also have difficulty m localization if theie 
is a large diffeience m the acuity between eais, and is this 
not a factoi of the diffeience between eais rathei than with 
the site of the lesion’ 

Dr Silverman May I lepeat the question The question 
is fust in the foim of a comment that Di Myklebust indicated 
that difficulty m localization might indicate a lesion of the 
cential nervous system Di Millei laises the question as to 
whethei that might not be tiue of end-oigan 01 middle ear 
deafness, foi that mattei, and may be 1 elated to a diffeience 
m sensitivity m the two eais 

Dr Myklebust Yes, of couise Diffeience of degiee of 
involvement of the two eais might very well be affecting 
localization response As such, we can do nothmg but accept 
it and entnely agiee that it is a very leal possibility 

I suppose I am refeiring to something moie like this, that 
m certain childien, and tins is not specifically those with, 
let’s say, a simple penpheial involvement, not only do they 
not localize, but they do not attempt to localize This is 
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peihaps not so tiue of the individual with the diffeience m 
the two eais 

It seems to me that it is something worth watching and 
worth testing for mcieasingly I think we have a gieat deal 
to learn with this localization and its validity and leliability 
and so on We do feel that theie is a con elation between it 
and damages that cannot be explained on the basis of penph- 
eial involvement 

Dr Hardy Di Tienque agiees with that observation I 
should think that wheie theie is a piofound involvement this 
would not be too cntical a point, because, it is oui expenence 
that vhen it is piofound, eithei penpheial 01 cential, it is 
bilateial, both sides aie involved Oftentimes theie aie 
conductive lesions, 01 acute otitis moie seveie m one side 01 
the othei 

This business of undertaking audiologic appiaisal of these 
young childien without a full foiegiound and background of 
the best possible woik is foi the buds, as we may say 
You have all the information possible about the oiganic state 
of the child I think that would tend to direct the thinking 

MR Jack Rosen I am particulailv pleased to have so 
much attention called to the cential pioblems, but, at the 
same time, I would like to call attention to the fact that theie 
is no law which lequnes that a child have only one pioblem, 
even if theie weie, childien would not obey it 

The purpose of this lemaik is that the cential pioblems 
aie determined upon the basis of symptoms which aie not 
auditory foi the most part It is quite possible, and in fact, 
very often it does occui that childien do have heaung losses 
and some of these othei symptoms at the same time Theie 
is a tendency, when attention is called to a new phenomenon, 
to disiegaid some of the oldei phenomena and techniques, 
and I would be particulaily concerned about the neglect of 
caieful audiological evaluation befoie decidmg that a child 
has only a cential pioblem or only a psychic deafness, because 
this can lead to serious pioblems I would also be very caie- 
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ful about deciding this on the basis of gioss tests such as 
1 espouses to vocalization, the voice tests which aie some¬ 
times con elated with speech tests but aie not the same thing, 
thus, clnldien with seveie high fiequency deafness aie now 
sometimes being classified as childien with cential pioblems, 
childien with psychic deafness, because they leadily lespond 
to voice and yet will not leam speech 

Dr Silverman I shall now attempt to summanze the 
panel dehbeiations 

The panel dnected its attention to thiee questions one 
having to do with the goals set, particulaily with lefeience 
to educational lecommendations and the testing of the hearing 
of young childien, two, the evidence foi the lesults of heal¬ 
ing tests that can yield mfoimation about the pathology 01 
auditoiy and othei disoideis, and thiee, what particulai 
techniques aie used 

The panel seemed to be concerned with the diffeientiation 
of end-oigan fiom othei types of lesions, and at one time 
seemed to woik on the anatom} 7 ', anothei time on the dimen¬ 
sions of behavioi, and still anothei time on the dimensions of 
ease of conditioning 

They seem to go fiom one to the othei, and they seem to 
admit that it was difficult to follow the outline In one case 
we got the woids “conductive” and “language” m the same 
column, and m anothei case we get a little bit of anatomy 
and behavioi in anothei column, but this, again, is a mattei 
of groping foi the univeisals to descube certain kinds of 
conditions that aie obseived 

Theie seemed to be unanimity with what was stated so 
succinctly by Di Tienque, that theie are easy and difficult 
cases What we aie tiymg to do, appaiently, is to supple¬ 
ment what seems to be a good deal of clinical artistry All of 
this is involved We have to develop moie objective tech¬ 
niques 

One thing sui puses me, howevei, about the statements of 
the panel heie, or one omission—and I know they aie aware 
of this-—and that is the validation of some of the statements 
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that have been made For example, from the audience theie 
■was a comment about a test’s being good What are the 
dimensions of goodness m terms of the behavioi of the child 
as he develops 7 

I also was suipused that theie was as much agieement 
among the people. I looked forwaid to bunging them to¬ 
gether and I am delighted that we have had this opportunity 
to have all of them I expiess our giatitude 


II DIAGNOSIS OF HEARING DISORDERS 

Aftei a buef lecess, the International Confeience on Audi¬ 
ology reconvened m the Auditonum of the Washington Uni- 
veisity School of Medicine, St Louis, Missoun, Di Ira J 
Hush, piesidmg 

Dr Hirsh We will now continue this afternoon's sym¬ 
posium on the Assessment of Auditor}- Function We have 
discussed so fai tests appropriate to young children, and 
now we piopose to appioach an area that lepiesents piobably 
the closest connection between the disciplines of otology and 
audiology 


AUDIOMETRY IN DIAGNOSIS 
Raymond Carhart, 

Evanston, Ill 

i 

The subject of audiometry in diagnosis has no many lami- 
fications that one cannot hope to discuss it fully m a single 
paper, moreover the subject is one to which both leseaich 
and clinical contributions aie continuously being made, so that 
any review one undertakes today will seem inadequate to¬ 
morrow Realism requnes that the piesent discussion be 
lestiicted appiopnately 

To this end, only the relationships between measuiement of 
thresholds foi pure tones and diagnosis of healing disoiders 
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aie heie consideied The importance of speech audiometry, 
the significance of supia-threshold function in lesponse to 
puie tones and to noise, and the value of special techniques, 
such as psychogalvanic audiometiy aie obvious Each of 
these topics is worthy of extensive coveiage, but the piesent 
discussion is aibitianly lestiicted to a leview of major prin¬ 
ciples m mteipieting conventional threshold audiogiams and 
to an examination, thiough examples, of the fact that the 
foimulation of additional principles may be anticipated 

n 

The an conduction audiogiam conveys substantial informa¬ 
tion of diagnostic importance 

F 01 one thing, an conduction curves are sufficiently typical 
m some types of healing loss so that the audiometric pattern 
suggests a possible etiology to the clinician The most obvious 
illustration of such a situation is the notched curve showing 
loss for high frequencies, which leads one to suspect noise- 
mduced heanng loss Anothei example is the gradual de¬ 
terioration in acuity foi higher frequencies so characteristic 
of piesbycusis In contiast, theie is the relatively flat loss 
of about 50 db which is slightly moie pionounced foi low 
frequencies than foi high frequencies Such a curve is likely 
to lesult from maiked stapes fixation, fiom certain othei 
conductive lesions, oi fiom labyrinthine hydiops, if it is of the 
senson-neuial vanety Again, a tiough-shaped audiogiam 
winch tends to follow an equal-loudness curve, i e , an equal 
phon contour, immediately suggest the possibility of a non- 
organic hearing loss, thus, while threshold pattern alone 
nevei allows definitive diagnosis, the details of the ail con¬ 
duction curve often contnbute to such diagnosis It is, theie- 
foie, pertinent to continue an interest in the types of curves 
which categonze varieties of hearing impairment, and to seek 
furthei insight into the inter-dependencies between the two 
As a coiollary to the foiegoing observation, the relationship 
between the two ail conduction cuives obtained fiom a single 
patient tends also to distinguish vaneties of healing loss 
Bilateially symmetrical impairments aie relatively common 
in some conditions, such as m endogenous congenital losses, 
and in piesbycusis Model ate dissymmetry of loss is usually 



INTERNATIONAL CONFERENCE ON AUDIOLOGT 


255 


observed in othei conditions, foi example, in hearing losses 
due to anoxia at birth, 01 to otosclerosis Othei pathologies 
most commonly affect healing in one eai pnmarily 01 ex¬ 
clusively One lllustiation is the complete unilateial destiuc- 
tion of auditoiy function which mumps sometimes cause 
Similarly, acoustic neunnomas, temporal bone fiactuies, 
and sudden vasculai distuibances usually aie unilateial and, 
hence, effect audiometnc lesults in only one eai Again, 
cases with labyrinthine hydiops often show depiessed healing 
m only one eai, although this condition may manifest itself 
bilateially, and healing loss tends to fluctuate markedly In 
consequence of tendencies such as those just mentioned, the 
clinician can fiequently utilize his obseivations on the audi- 
ometnc balance between eais as a helpful segment of the in¬ 
formation he requnes m oidei to leach his diagnostic judg¬ 
ment 


in 

The fact that the relationship between an and bone con¬ 
duction thresholds assists m distinguishing senson-neuial in¬ 
volvements fiom lesions m the external and middle eai is, m 
the minds of many people, one of the most important diagnos¬ 
tic applications of pui e-tone audiometry The pi maples in¬ 
volved aie geneially accepted It is cleaily lecogmzed that 
adequate determination of bone conduction thresholds requn es 
precautions of calibiation and of test admimstiation beyond 
those which aie necessary foi good air conduction audiometry 
When such precautions have been taken and the patient has 
an organic loss, the general level of the bone conduction 
curves indicates the degiee of senson-neuial involvement 
(without distinguishing between cochleai and letiocochlear 
sites) If the an conduction curve lies at the same level, 
the total loss may be judged as senson-neuial By contiast, 
there cannot be a senson-neuial involvement when acuity by 
bone conduction is normal Heie, any substantial depression 
of acuity foi an-borne stimuli must be due to a lesion m the 
ti ansmissional system In othei woids, such a relationship 
indicates a conductive loss The thud alternative is the con¬ 
dition wheie both bone and an conduction cuives aie de¬ 
pressed, but wheie the loss by an is significantly gieatei than 
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by bone In such an instance, the depiession of the bone 
cuive bespeaks a senson-neuial component of loss, while the 
fiuthei depiession m acuity foi an.-borne sound is evidence 
of a concomitant conductive, 01 a tiansnnssional, loss One 
is heie faced with a composite loss 01, as some would still 
teim it, a mixed loss 


IV 

In lecent yeais it has become mci easmgly appaient that 
the clinical audiogiam contains a host of subtlei clues which 
can conti lbute to finei diagnostic diffeientiation A few of 
these aie cunently known, as is lllustiated in the subsequent 
sections of this papei It is impel ative to lemembei, how- 
evei, that the clinical audiogiam contains additional clues 
Some of these await discoveiy, while the significance of otheis 
needs clanfication The geneialization which must be stiessed 
at the outset is that clinicians have tended to discount subtlei 
configuiational featuies of the audiogiams at then disposal 
and, hence, have failed to gam full benefit fiom these test 
lecoids Tiue, much leseaich is needed to catalogue all the 
aids to diffeiential diagnosis which leside m good clinical 
audiogiams Foi the moment, howevei, the impoitant points 
aie that known clues aie not being used fully, and that clin¬ 
icians, on the whole, aie not actively cunous about the less 
obvious significance of the puie-tone audiogiam 

v 

Particulaily good lllustiations of subtle audiometnc clues 
aie found in the bone conduction cuives chaiacteiizmg dif- 
feient kinds of tiansmissional deafness Mechanical lesions 
tend to cause distinctive distoitions in bone conduction audio¬ 
giams These distoitions aie slight, and they aie due to 
changes m the physical constants of the auditoiy system 
lathei than to modifications of senson-neuial activity Id 
othei w r oids, the effective agitation leaching the oigan of 
Corti fiom a bone conduction oscillatoi can be influenced to 
a measuiable degiee bv the condition of the middle eai and 
of the external eai 

Fixation of the stapes, foi example, induces such mechanical 
modification in the bone conduction audiogiam Fig 1 pie- 
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sents a lecoid which is chaiacteiistic of this condition The 
patient involved was diagnosed as having clinical otoscleiosis 
without secondai j neive degeneiation Foi sake of simplicity, 
the lesponses foi only one eai aie shown in the figuie The 
significant featuie of this audiogiam, foi the moment, is that 
the depiession of the bone cuive which one notes at fie- 
quencies above 500 cvcles, is an aitifact in the sense that the 
noimal state of the patient's mnei eai is not levealed with 
full accuiacy Failuie to considei this artifact when intei- 
pietmg the audiogiam would lead to the enoneous conclusion 
that the patient possessed a mild senson-neuial involvement 
Conveisely, avaieness that this geneial pattern of mechanical 
distortion in the bone cuive is typical of stapes fixation m- 
cieases the diagnostic value of the audiometiic lecoid 

As one would expect, the mechanically pioduced modifica¬ 
tion m bone conduction lesponse consequent to stapes fixa¬ 
tion vanes fiom patient to patient At least in most cases, 
howevei, these vanations aie not so gieat that they obscuie 
the geneial pattern of shift chaiactenzmg stapes fixation 
Most typically, the mechanical shift in the bone conduction 
cuive induced by stapes fixation is of the magnitude and of 
the shape lepiesented by the shaded aiea in Fig 1 That is, 
an otoscleiotic patient with normal cochleai function, which 
would be levealed by a bone conduction audiogiam at noimal 
if it weie not foi the mechanical shift m lesponsiveness, will 
most typically yield a notch-like depiession of the bone cuive 
which follows the lowei boundary of the shaded aiea in the 
figuie The audiogiam shown in Fig 1 did not conform 
perfectly to this couise, but the deviation did not obscuie the 
basic pattern chai actei istically induced by stapes fixation 
Such a notched depiession in the bone curve is less obvious 
to the eye when secondaiy neive degeneiation is combined 
with stapes fixation, but it is nonetheless piesent A typical 
audiometiic lecoid lllustiatmg this situation is shown m 
Fig 2 The position of the bone conduction curve is shifted 
and given a downwaid tilt towaid the light by the senon- 
neuial loss which is piesent in tins case If tins senson 
neuial condition weie the only impairment piesent, theie 
would be a smooth piogiessive diop in acuity with mciease 
m stimulus fiequency, howevei, the smoothness of tins pio- 
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giession is obscuied by the mechanical distoition in the bone 
cuive which stapes fixation caused Stated conveisely, the 
tiade-maik of stapes fixation is to be found m this lecoid, 
if the clinician wishes to seek it The bieak which occuis in 
the bone conduction cuive at 2000 cps is the piehmmary 
clue to mechanical distoition in the cuive Continuation is 


AUDIOMETRIC RECORD 



FIs 1 Hearing: le\els for the left ear of a 17-vear-old girl having 
clinical otosclerosis without secondan ner\o lnvohement Stippled nrea 
indicates usual magnitude of change in bone thresholds induced mcchnn- 
icallj by stapes fixation 

achieved by subtiacting the idealized mechanical notch fiom 
the bone cuive The lesidue thus obtained leveals giaplucally 
the so-called cochleai leseive, that is, the configuiation of 
senson-neuial acuity which the patient has letamed In the 
piesent instance, this lesidue is chaiactenzed by the smooth 
piogression in loss foi lughei fiequencies mentioned pie- 
viously 
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VI 

Many other conductive lesions pioduce shifts m the bone 
conduction audiogram Heie, physical similarity among le¬ 
sions, legaldless of etiological classification, will deteimme a 
particulai audiometnc configuration Foi example, perma¬ 
nent damages lesultmg fiom otitis media can not all show the 


AUDIOMETRIC RECORD 


Name_ MBS. B.J. 


Audiometer Test By_ F M 

125 250 500 


1000 


_Audiometer Uied_M_ 

2000 4000 8000 



Fig: 2 Hearing levels for the right ear of a -lO-'N ear-old woman having 


complete stapes 
degeneration 


fixation due to clinical otosclerosis plus Becondan nene 


same pattern of mechanical artifact m the bone curve simply 
because they do not all pioduce equivalent damage m the 
middle eai mechanism, moieovei, until clinicians learn to 
classify each conductive lesion on the basis of distinctions m 
the mechanical damage which chaiactenze it, they will be 
limited m the piecision with which they can diffeientiate 
among meaningful artifacts m the bone conduction curve 
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giession is obscuied by the mechanical distortion m the bone 
ciuve which stapes fixation caused Stated conveisely, the 
tiade-maik of stapes fixation is to be found m this lecoid, 
if the clinician wishes to seek it The bieak which occuis in 
the bone conduction cuive at 2000 cps is the preliminary 
clue to mechanical distortion m the cuive Confnmation is 
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Fig 1 Hearing- le\els for the left ear of a 17-} ear-old girl halving 
clinical otosclerosis without secondary ner\e involvement Stippled area 
indicates usual magnitude of change In bone thresholds induced mechan¬ 
ically by stapes fixation 


achieved by subti acting the idealized mechanical notch fiom 
the bone cuive The lesidue thus obtained leveals giaphically 
the so-called cochleai reserve, that is, the configuration of 
senson-neuial acuity which the patient has letamed In the 
piesent instance, this lesidue is chaiactenzed by the smooth 
piogiession m loss foi highei fiequencies mentioned pie- 
viously 
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VI 

Many other conductive lesions pioduce shifts m the bone 
conduction audiogram Heie, physical similanty among le¬ 
sions, legaldless of etiological classification, will deteimme a 
particulai audiometnc configuration Foi example, peima- 
nent damages lesultmg fiom otitis media can not all show the 
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Fig 2 Hearing levels for the right ear of a 40-\ ear-old woman having 
complete stapes fixation due to clinical otosclerosis plus secondarv nerve 
degeneration 


same pattern of mechanical artifact m the bone cuiwe simply 
because they do not all pioduce equivalent damage m the 
middle eai mechanism, moieovei, until clinicians learn to 
classify each conductive lesion on the basis of distinctions m 
the mechanical damage which chaiactenze it, they will be 
limited m the piecision with which they can diffei entiate 
among meaningful artifacts in the bone conduction curve 
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giession is obscmed by the mechanical distortion m the bone 
cuive which stapes fixation caused Stated conveisely, the 
tiade-maik of stapes fixation is to be found m this lecoid, 
if the clinician wishes to seek it The bieak which occuis in 
the bone conduction cuive at 2000 cps is the pielimmary 
clue to mechanical distortion m the cuive Confnmation is 


AUDIOMETRIC RECORD 



Fig- 1 Hearing- leYels for the left ear of a 17-> ear-old Rirl ha-vingr 
clinical otosclerosis without secondar\ nem e invohement Stippled area 
indicates usual magnitude of change in bone thresholds induced mechan¬ 
ically by stapes fixation 

achieved by subti acting the idealized mechanical notch fiom 
the bone curve The lesidue thus obtained leveals giaphically 
the so-called cochleai reseive, that is, the configuiation of 
senson-neural acuity which the patient has letamed In the 
piesent instance, tins lesidue is chaiactenzed by the smooth 
piogxession m loss foi highei fiequencies mentioned pie- 
viously 
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chanically Specifically, tlie case reported m Fig 3 piobably 
did not possess eithei cochleai hvpeiacuitv foi low fiequen- 
cies 01 senson-neuial deficiency foi high frequencies One 
leason foi ailiving at this conclusion is the fact that the 
patient did not show a high fiequency diop by an conduction 
comparable to the diop bv bone This patient’s ail conduc¬ 
tion audiogiam, m othei w oids, has a configuration winch 
bespeaks a conducts e lesion mthout appieciable senson- 
neuial involvement Theie is a second leason foi expressing 
belief that the pattern of bone conduction lesponse undei 
consideiation is mechanically induced Many cases showing 
this pattern leveal sudden modification m the pattern of the 
bone cuive as soon as the mechanical status of the middle eai 
is changed One example which comes to mind is a case 
wlieiem the bone conduction curve i everted essentially to 
noimal when the patient’s peifoiated eai dium was closed 
with a papei patch 

It is likely that clinicians have often mistakenly intei pi eted 
mmoi decieases m bone efficiency at lnghei frequencies as 
evidence of mild sensoi l-neui al involvement Such a senson- 
neuial involvement is piopeilv assignable only if the an con¬ 
duction curve mcoipoiates a bleak m its couise that also 
indicates deciease in acuity foi high fiequencies When 
concomitant depression of the an conduction curve is not 
found, a mmoi depiession m the bone conduction curve should 
be piesumed to be evidence of mechanical modification m the 
conductive mechanism A similai mteipietation is assignable 
to mmoi elevations m the bone curve 

One must leiteiate that it is not cunently possible to state 
the specific nature of the mechanical changes undeilymg a 
particular pattern of shift m bone lesponsiveness Bone con¬ 
duction audiometiy will have mcieased diagnostic usefulness 
when resealch leveals the relationships which aie involved 
The fust step is to develop sufficient confidence m the exist¬ 
ence of such relations so that they aie sought out systemat¬ 
ically and then meaning is masteied, moieovei, the clinician 
must lemembei that, if the patient has lesion oi pathology 
m the middle eai oi the external eai, the exact picture of 
coclileai sensitivity is seldom levealed by the bone conduction 
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Ceitam patterns aie nonetheless emeiging It is possible to 
lllustiate m geneial teims the value which the clinician can 
gam fiom fuithei knowledge of the subtle clues that leside 
m a good bone conduction audiogiam 

As one example, considei Fig 3 Again, the lesults foi 
only one eai aie lepoited The diagnosis in this case was 
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FIs 3 HGailnp levels for the rlpht enr of a 13-%cai-old prill InB 
chronic BUppuratUe otitis media 


conductive healing loss due to cluonic suppmative otitis 
media The impoitant thing is that the l espouses by bone 
conduction show a pattern fiequently obseived when theie is 
disease m the middle eai This pattern, which was descubed 
yea is ago by Lieile and Eegei, 1r is chaiactenzed at low fie- 
quencies by bettei than noimal lesponsiveness to bone stimuli, 
and by i educed lesponsiveness at high fiequencies In many 
instances the entile configiuation is piobably induced me- 
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dismissed The alternative, an mciease m stiffness, is credible 
when one lemembers that the encroaching spicules of oto- 
sclerotic bone impose a reduction m the fieedom of stapedial 
mo\ement In a technical sense, the elasticity of the ossicular 
sjstem is sharply increased at the oval window by this en¬ 
croachment, moreo\er, this effect will continue to be the 

AUDIOMETRIC RECORD 



Fig- 4 Hearing: levels for air conduction exhibited bv a 51-year-old man 
having- clinical otosclerosis without secondarv nerve degeneration. The 
right ear with incomplete stapes fixation reveals loss at low frequencies 
suggestive of stiffness” Increase The left ear with complete stapes 
fixation shows an additional loss at the high frequencies suggestive of 
mass increase 


main one as long as some stapedial motility remains The 
mechanical state must change radically vrhen fixation becomes 
complete The stapedial footplate must novr be so firmlv 
locked 'within the oval vnndoiv that the stapes is loaded, at 
least to some degree, bv the mass of the skull This mcieased 
mass should i educe the capacitv of the system to tra nsmi t 
high fiequencies One notes, in Fig 4, that the added rm- 
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audiogiam Tiue, the geneial level of cochleai sensitivity 
may be estimated fiom this audiogiam, but the details of 
appaient lesponsiveness will often be distorted by mechanical 
influences The clinician must make allowances foi these 
influences when estimating the senson-neuial efficiency of a 
patient with a conductive involvement 

VII 

Much attention has been given in lecent yeais to the con¬ 
cept that anticipable shifts m an conduction acuity are in¬ 
duced by changes m the mechanical impedance of the auditory 
system The writings of Metz, ic Johansen, 10 and Campbell 0 
aie sufficiently well known so that they need not be leviewed 
heie 

The important idea is that the clinician can find value in 
these concepts when he is intei pi eting conductive losses 
Heie the configuiation of thiesholds foi an-borne stimuli 
may be viewed as a manifestation of specific changes which 
have taken place m the physical constants of the eai Nat¬ 
urally, the clinician is not going to attempt detailed mathe¬ 
matical analyses of individual case lecoids, howevei, he can 
piofitably beai m mmd the geneial pnnciples vduch the 
physicist has made available to him, and w r hich appeal con¬ 
sistent with clinical expei lence, namely, that mci eased stiff¬ 
ness 01 decieased mass leduce sensitivity foi low frequencies, 
whereas the reveise conditions leduce lesponse to high fre¬ 
quencies 

Consider, as one example, the case shown in Fig 4 Only 
the two an conduction audiograms aie heie reported This 
patient was diagnosed as having clinical otosclerosis without 
secondaiy nerve degeneiation The stapes was found to be 
on y partially fixed on the light side, but completely fixed 
on the left The hearing loss m the light eai is substantial 
oi ow fi equencies and mild foi high frequencies Accord- 
6 pimciples mentioned above, such a configuiation 
cou e eithei the result of mass deciease or of stiffness m- 
ciease Since a substantial decrease m the effective mass 
of the conductive system is inconsistent with the pathology 
of otosclei osis, the first of these possibilities may be quickly 
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dismissed The alternative, an mciease m stiffness, is ci edible 
when one lemembeis that the encioachmg spicules of oto- 
sclerotic bone impose a reduction in the freedom of stapedial 
movement In a technical sense, the elasticity of the ossiculai 
system is shaiply mci eased at the oval window by this en¬ 
croachment, moieovei, this effect will continue to be the 
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Fig 4 Hearing le'v els for air conduction exhibited b\ a 61-year-old man 
lmMng clinical otosclerosis without secondare nerve degeneration The 
right ear with incomplete stapes fixation reveals loss at lo^\ frequencies 
suggests e of stiffness increase The left ear with complete stapes 
fixation shows an additional loss at the high frequencies suggests e of 
mass increase 


mam one as long as some stapedial motility lemams The 
mechanical state must change ladically when fixation becomes 
complete The stapedial footplate must now be so firmly 
locked within the oval window that the stapes is loaded, at 
least to some degiee, by the mass of the skull This mci eased 
mass should 1 educe the capacity of the system to tiansmit 
high fiequencies One notes, in Fig 4, that the added lm- 
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pairment exhibited by the left eai, wheie the stapes was 
completely fixed, is of this veiy natuie 

The foiegoing discussion is schematic, but it lllustiates the 
mannei m which awaieness of physical concepts can enhance 
the clinician’s evaluation of the heaung losses he observes 
A fuithei lllustiation, with completely diffeient piactical 
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Fig 5 Hearing le\els for the normal left ear of a 37-5 ear-old woman 
ha\ ing clinical otosclerosis in the right ear The tilt of the air conduction 
cur\ e In relation to the horizontal curve for bone conduction illustrates 
earliest audiometric clue to the onset of stapes fixation 


implications, is to be found in the audiometnc configuiation 
of pie-clmical otoscleiosis This configuiation was suggested 
by Campbell = Graham" found the configuration to be com¬ 
mon among teenageis and young adults whose healing was 
“noimal” and who had close lelatives exhibiting otosclerosis 
The configuiation is lllustiated m Fig 5 It is chaiactenzed 
by a tilting of the ail conduction curve without concomitant 
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shift in the bone conduction response The tilting is sufficient 
so that an an conduction loss of 10 to 15 db appeals at 125 
cycles Hearing is neai normal at 1000 and 2000 c p s 
Hypeiacuity' appears at still higher frequencies This tilting, 
when mterpieted from the standpoint of impedance concepts, 
leads one to suspect increased stiffness "within the conductive 
system As already pointed out, tlie mechanical effect of 
mcomplete stapes fixation is to increase the stiffness of the 
system 

The present instance repiesents a condition where the 
fixation process is so mmoi that heaung loss of clinically 
noticeable magnitude has not -vet lesulted Nonetheless, the 
audiogram shows a disturbance m responsiveness to air¬ 
borne stimuli which is attributable to minor changes in the 
conductive mechanism, and which is easily identified bv the 
fact that the bone conduction curve does not reveal any 
evidence of this disturbance * 

The exciting feature of this configuration, fiom the medical 
point of view, is that it reveals the piesence of otosclerosis 
eaily enough so that preventive measuies can be applied 
once they are discoveied Thus, the time mav come when 
clinical otosclerosis, as we know it today, will seldom be 
allowed to develop, because the disease can be discovered very 
early and can be controlled thiough medical, dietetic, oi other 
non-surgical means 

In summary, as exemplified by the cases just discussed, 
lesions of the conductive system produce changes m healing 
which are consistent with the principles governing mechanical 
systems The clinician can facilitate his tasks m diagnosis 
by remaining alert to the manifestations of these principles 
which appeal m the air conduction audiogram 11 

vm 

The problem of differentiating among sensori-neural losses 
is complicated One task is to segregate cochlear (end-organ) 
lesions from retro-cochlear (neuial) lesions A further task 

•The mechanical effects are so minor at this stage that the notched de¬ 
pression of the hone curve which one expects with clinical otosclerosis has 
not yet appeared. 
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is to locate the site of damage accurately, to designate de¬ 
finitively the stiuctuies involved, and to descube specifically 
the pathology which is, 01 has been lesponsible foi the hear¬ 
ing difficulty Of couise, much needs to be learned befoie 
full diagnostic piecision will become possible here 

Fortunately, a wide vanety of auditoiy tests dnected to- 
waid this goal have been developed 01 adapted in lecent yeais 
Many of these tests have been of the supia-thieshold vanety, 
le, loudness balance techniques, methods foi measunng DLs 
foi intensity change, tests of speech disci lmmation in quiet 
and m noise, and the delayed side-tone pioceduie It is still 
too soon to specify the ultimate usefulness of all these tech¬ 
niques, howevei, then clinical applications aie lapidly be¬ 
coming clanfied m consequence of extensive leseaich fiom 
diffeient parts of the woild The diagnostician’s efficiency 
has alieady been enhanced significantly, and futuie reseal ch 
will bung him added insight 

The emphasis on new tests has diverted attention fiom the 
contilbution which conventional threshold audiometry can 
make to differential diagnosis among senson-neuial lesions 
Theie is no leason to believe that the limits m intei pietation 
of the audiogiam have been reached, in fact, critical study of 
audiometnc configurations suggests subdivisions m diagnostic 
categories which the clinician does not cunently considei 
Clinicians, (and theonsts) can profitably le-examme the sig¬ 
nificance of threshold audiometiy 

IX 

It would be piemature to attempt a systematic descuption 
of the anay of clues to differential diagnosis which are avail¬ 
able through plotting thresholds foi puie tones One can, 
howevei, illustrate the existence of such clues by discussing 
examples involving senson-neuial losses These examples 
consist of audiometnc peculanties which aie easily recog¬ 
nized, but which still await full intei pi etation 

One example is the configuration of sensori-neuial loss 
wheiein acuity foi low frequencies is neai normal, and wlreie- 
m theie is shaip transition to a plateau of high frequency 
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loss at about 60 db This type of impairment is lelatively 
common, and its existence can be demonstiated eithei from 
contemporary clinical records 01 fxom the liteiature Figs 
6 and 7 are samples of this configuration taken fiom Bunch’s 
original lecords, ■winch are pieserved at Northwestern Uni- 
veisity Fig 8 plots a similai impaiiment, as found in a 

AUDIOMETRIC RECORD 
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Fig- 6 Hearing- levels for air conduction exhibited by 44-\ ear-old man 
employed as a riveter 


case tested at Northwestern m 1957 These thiee exemplify 
an audiometiic featuie which is quite common, even though 
it does not repeat itself with perfect consistency from one 
patient to the next The existence of a distinctive type of 
lesion can be postulated fiom the fact that so many high 
fiequency losses plateau at appioximately the 60 db level of 
loss This lesion must be of such nature that it does not 
interfere with acuity for low tones, nor with response to in¬ 
tense sounds at high fiequencies One can not help but 
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speculate that this lesion may be geogi aphically lestncted, so 
that neuial lepiesentation fiom the outei han-cells within 
the basal legion of the cochleai spnal is lost, while excitation 
fiom the mnei hail-cells within the same legion continues to 
have cential lepiesentation, as does excitation fiom the moie 
apically located hail-cells of both vaneties Mmoi diffeiences 
m the extent, the seventy, and the punty of the lesion could 

AUDIOMETRIC RECORD 
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Fifi- 7 Hearing- levels for air conduction exhibited b\ a 25-3 ear-old 
man v> ith senBori-neural imolvement of unspecified etiolop} 


account foi the clinical vanations obseived m healing losses 
of this geneial type 

The foiegoing speculation does not lequne the piesumption 
tliat the outei hail-cells have been destioyed, although such a 
situation is one possibility An equally tenable alternative is 
the possibility that the mneivation fiom these hail -cells to 
the cential neivous system is defective Theie may, moieovei, 
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be othei alternatives, and subsequent study may leveal that 
several tjpes of lesion pioduce the audiometric configuiation 
under discussion 

The idea being stiessed at the moment is that this unique 
audiometnc configuiation must lesult fiom patterns of lesion 
which aie distinctive It is convenient, since the external 
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Fig 8 Hearing le\el3 lor air conduction exhibited bv a 59-vear-old 
woman with bilateral sensorhneural Involvement of unknown etiology 


hair-cells aie thought to mediate lesponse to weak stimuli 
and aie moie susceptible to damage fiom intense stimulation, 6 
to evoke the speculations advanced m the pieceding para- 
giaph, howevei, these speculations aie not essential m the 
piesent discussion They merelv lllustiate the kind of think¬ 
ing which study of threshold audiogiams excites The funda¬ 
mental piemise, which neither clinician noi theorist dare 
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ignoie, is that every healing loss is the pioduct of a specific 
set of lesions These lesions determine the nature of the 
audiometiic configuiation winch the patient exhibits The 
fact that diveise patterns of puie tone loss are encounteied 
indicates that auditoiy lesions diffei not only m extent but 
also in kind One way in which clinical audiology can partici¬ 
pate m classifying the conditions involved is by renewing its 
mteiests m the details of audiometiic configuiation One 
piactical benefit will be that the diagnostic usefulness of 
conventional audiometry will mciease 

x 

Considei two additional illustrations of the diversity of in¬ 
formation which the puie tone audiogiam can contain Both 
illustrations involve peculiarities of auditoiy function fre¬ 
quently found m conjunction with piesbycusis 

One of these peculiarities is exemplified m-Fig 9 Note 
that here the loss exhibited at 125 c p s is gi eatei than at 250 
c p s This configuration has been observed as a gioup tiend 
m vanous studies wheie geneial populations of eldeily people 
have been sampled 412 It also appeals as a cleaily identifiable 
featuie in the audiograms of many clinical cases, who some¬ 
times yield thresholds 15 db pooiei at 125 c p s than at 250 
c p s 

Such findings are baffling if one attempts to account for 
them on the basis of peripheral lesions in the senson-neuial 
mechanism of the ear In other woids, the penpheial de¬ 
generation of hail cells and spnal ganglion cells, which has 
been observed to chai acterize presbycusis, 18 cannot account foi 
the mci eased loss at 125 c p s This degeneration affects the 
senson-neural structures serving the basal legion of the 
cochlea It consequently distuibs acuity foi higher fre¬ 
quencies Any effect it may have at 125 c p s should not be 
more severe than the effect at 250 c p s , moieover, these two 
latter frequencies are within the range which cochlear agita¬ 
tion is diffuse and wheie, stated m general terms, the same 
stiuctuies will be stimulated by both stimuli Thus, since 
volleys of neural impulses aie the intermediaries to perception 
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of low frequency tones, the distinction within the auditory 
system between a tone of 125 c p s and one of 250 c.p s is a 
diffeience in the late at which the volleys aie tnggeied 

It seems reasonable to conclude that many elderly peisons 
who letam equivalent penpheial sensitivity at these two fre¬ 
quencies lequne a greatei comparative intensity m oidei foi 


AUDIOMETRIC RECORD 



Fig- 9 Hearing le\ els for air conduction exhibited b\ an SO-vear-old 
woman having presbycusis This chart exemplifies cases with greater 
loss at 125 c.p s than at 250 c p s 


stimulus to be peiceived when the volley late is 125 pel 
second, than when it is 250 pei second * In such event, the 
extia impairment m acuity found at 125 cps must depend 
upon a disturbance of function within the cential neivous 

•The alternate e would be that the ageing of structures within the inner 
ear changes the mechanical constants of the auditorj system in such 
manner that its responsiveness to ten low frequencies is differentials 
Impaired This possibilltA seems a less likelj source for the phenomenon 
under discussion. 
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system It would be foolhaidy to speculate legal ding the site 
01 the natuie of such malfunction, howevei, because such a 
distuibance could disiupt vanous facets of auditoiy be- 
havioi 11 ' and hence complicate a patient’s pioblem, the clin¬ 
ician must be aleit to the potentiality that it may be piesent 
m a paiticulai case Piopei attention to the audiometnc 
configuiation can wain the clinician of this potentiality 

A second peculianty m the auditoiy lesponse of some 
eldeily patients is an abnormally gieat loss by bone conduction 
at 500 cps This phenomenon was identified by Beineio, 
who noted it in the lecoids of the Heaung Clinics at North¬ 
western Umveisity The audiometnc technique employed in 
these Clinics is one wheiem masking is not used loutmely 
while testing bone conduction Masking is intioduced only 
when the patient states that Ins auditoiy expellence is not 
localized to the eai undei test This fact is mentioned be¬ 
cause, as descubed below, it appeals to be an important con¬ 
dition in evoking the Bemero phenomenon 

A typical example of the phenomenon is lepioduced in Fig 
10, which gives lesults foi only one eai The agieement be¬ 
tween an and bone thiesholds is good except at 500 cps 
Tiadition would lead one to discount the diffeience at 500 
cps as being due to testing enoi, howevei, this paiticulai 
disci epancy is observed so lepeatedly that it can not be dis¬ 
missed m a cavaliei fashion, and one can not ignoie evidence 
such as the obseivation by Ciocco, 5 leported in 1934, that 
eldeily peisons have dispioportionately leduced acuity by 
bone conduction when tested with the 512 cps tuning folk, 
theiefoie, the clinician is justified in suspecting that he is 
encounteimg the Bemeio phenomenon when the patient is 
eldeily, when the bone conduction thieshold of 500 cps is 
10 to 15 db pooiei than the ail conduction thieshold, and 
when the remamdei of the audiogiam shows the close cone- 
spondence between measuies to be expected m senson-neural 
loss 

The Bemeio phenomenon cannot be explained by con¬ 
ventional punciples of audiometnc intei pi etation These 
pi maples specify that loss is less foi bone than foi an when 
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the impanment is of the conducts e vanetv, whereas the two 
losses are equal when the lesion is a senson-neuial one Only 
in laie instances of skull anomaly, such as Guild has de- 
scubed, 5 could gioss mechanical factois account foi excessive 
loss bv bone, and heie the effect should not be limited to one 
fiequency, thus, only two alternatives lemam 
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Fig 10 Hearing Ie\elB for the right ear of a 71-\ear-old man having 
presbjcuslB This chart illustrates cases with noticeabl\ greater loss at 
500 c.p s by bone conduction than bv air conduction 


One possibility is that ageing has modified the mechanical 
constants within the mnei eai m such a manner that a dif¬ 
ferential l eduction m the responsiveness of the auditory 
system of skull-borne vibration at 500 c p s has been produced 
This possibility seems relatively unlikely, even though some 
wnteis have postulated that ageing sometimes pioduces a 
conductive loss within the mnei eai m consequence of the 
physical changes that occur theie 
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system It would be foolhaidy to speculate legal ding the site 
01 the natuie of such malfunction, howevei, because such a 
distuibance could disiupt vanous facets of auditoiy be- 
havioi 11 ' and hence complicate a patient’s pioblem, the clin¬ 
ician must be aleit to the potentiality that it may be piesent 
m a particulai case Piopei attention to the audiometnc 
configuiation can wain the clinician of this potentiality 

A second pecuhanty in the auditoiy lesponse of some 
eldeilv patients is an abnormally gieat loss by bone conduction 
at 500 cps This phenomenon was identified by Beineio, 
yho noted it m the lecoids of the Healing Clinics at North¬ 
western Univeisity The audiometnc technique employed in 
these Clinics is one wheiem masking is not used loutmelv 
yhile testing bone conduction Masking is mtioduced only 
when the patient states that his auditoiy expellence is not 
localized to the eai undei test This fact is mentioned be¬ 
cause, as descubed below, it appeals to be an impoitant con¬ 
dition m evoking the Beineio phenomenon 

A typical example of the phenomenon is lepioduced m Fig 
10, which gives lesults foi only one eai The agieement be¬ 
tween an and bone thiesholds is good except at 500 cps 
Tiadition would lead one to discount the diffeience at 500 
cps as being due to testing ei l oi, howevei, this particulai 
disci epancy is obseived so iepeatedl 5 r that it can not be dis¬ 
missed m a cavaliei fashion, and one can not ignoie evidence 
such as the obseivation by Ciocco, 5 leported in 1934, that 
eldeilv pel sons have dispiopoitionately l educed acuity by 
bone conduction when tested with the 512 cps tuning folk, 
theiefoie, the clinician is justified m suspecting that he is 
encounteimg the Beineio phenomenon when the patient is 
eldeily, when the bone conduction tlneshold of 500 cps is 
10 to 15 db pooiei than the ail conduction tlneshold, and 
when the lemamdei of the audiogiam shows the close cone- 
spondence between measuies to be expected m senson-neuial 
loss 

The Beineio phenomenon cannot be explained by con¬ 
ventional punciples of audiometnc intei pi etation These 
punciples specify that loss is less foi bone than foi an when 
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the impaiiment is of the conductse \anetv, whereas the two 
losses aie equal when the lesion is a senson-neuial one Only 
m laie instances of skull anomaly, such as Guild has de- 
scnbed, s could gioss mechanical factois account foi excessive 
loss by bone, and heie the effect should not be limited to one 
frequency, thus, onlv two alternatives lemam 

AUDIOMETRIC RECORD 




Audiometer Teit B y .C H _Audiometer Used- l 


125 250 500 1000 2000 4000 8000 



Fig- 10 Hearing levels for the right ear of a 71-vear-old man having 
presbjcusls This chart Illustrates cases with notlceabl\ greater loss at 
500 c.p s bv bone conduction than bv air conduction 


One possibility is that ageing lias modified the mechanical 
constants within the inner eai m such a manner that a dif¬ 
ferential i eduction m the responsiveness of the auditory 
system of skull-borne vibration at 500 c.p s has been pioduced 
This possibility seems relatively unlikely, even though some 
writers have postulated that ageing sometimes pioduces a 
conductive loss within the innei eai m consequence of the 
phvsical changes that occur theie 
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The alternate possibility is that the Bemeio phenomenon 
appeals whenevei the bone conduction stimulus is moie dif¬ 
ficult to peiceive than is the an conduction stimulus This 
alternative piesumes that penpheial sensitivity is the same 
foi the two modalities, but that a functional peculiarity is 
opeiative which makes conscious recognition of the bone con¬ 
duction stimulus at 500 c p s difficult A potential mechan¬ 
ism comes to mind quickly One need meiely lemembei thiee 
facts 1 m piesbycusis the two ears usually exhibit bilateial 
symmetiy of loss, 2 when such bilateial symmetry exists the 
an conduction stimulus activates only the ear undei test, so 
that monauial excitation occuis at threshold, S the bone 
conduction stimulus leaches both cochleas Such a stimulus 
should excite both eais if they aie similar in sensitivity and 
neithei is masked Tiue, the levels of stimulation will seldom 
be identical, and the experience of healing will ordinallly 
localize to one eai or the othei 

Bilateial excitation by bone goes unnoticed m most clinical 
cn cumstances, however, it may be a cutical consideiation 
when peiceptual abilities aie leduced, albeit subtly, by age 
Stated differently, the foregoing considerations lead one to 
inteipi et the Bernero phenomenon as indicating a condition 
wheiein the cortical differentiation of two trains of neuial 
impulses is moie difficult when the impulse late is 500 pel 
second, than is the differentiation of a single tiam, and one 
must presume, since the phenomenon is restricted to 500 c p s , 
that this disadvantage in bilateial healing is not apparent 
when the stimulus frequency is eithei maikedly lowei oi 
maikedly highei in frequency The reasons for such a cir¬ 
cumscribed disturbance m peiception aie obscuie, but its 
existence cannot be ignoied Thus, it would seem that the 
Bernero phenomenon is a clue to a cential peiceptual disturb¬ 
ance As such, it is a second audiometnc aid to the identifica¬ 
tion of those eldeily persons whose healing difficulties aie 
not exclusively of penpheial ongin 


XI 

A point worthy of le-emphasis is the fact that understand¬ 
ing of auditory abnormalities is cunently imperfect Both 
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the clinician and the tlieonst must lemembei that there aie 
abei rations in hearing function which the usual testing pio- 
cedures do not reveal The diagnostic significance of such 
aberrations will emeige as the abenations become known and 
understood One result \\ ill be further insight into the mean¬ 
ings which can be assigned to results of comentional audi¬ 
ometry 

Consider the phenomenon of abnormal auditory adaptation 
as it is revealed tlnough the tone decay test 3 The piocedure 
is to piesent a sustained puie tone at tlneshold foi a full 
minute unless the patient signals that the tone has become 
inaudible In the latter event, the intensity is mci eased 5 db , 
and the timing is started anew This loutme is lepeated until 
an intensity is found at which the tone remains audible foi 60 
seconds The exploration is then complete at this frequency, 
and a new exploration may be started at anothei frequency 

Results for the tone decay tests are classifiable into thiee 
general categories Cases with conductive loss, and some with 
senson-neural impairments, do not leveal auditory adaptation 
at thieshold Othei cases of sensori-neuial loss exhibit mod¬ 
erate adaptation for high frequency tones, x e , up to 25 db 
di ift in the level at which the tone remains audible Adapta¬ 
tion foi low fiequencies is rare Finally, occasional instances 
occur in which adaptation is so extieme that the tone is heaid 
for a full minute only at gieat intensities, oi else not at all 
This extieme type of adaptation has been encounteied both in 
cases where there is healing loss in the oidinary sense, and 
in instances wheie standaid audiometry yields normal thresh¬ 
olds Such findings indicate unusual auditory disturbances 
Tentatively, it appealed that adaptation as extreme as this is 
the lesult of a neuial lesion, 1510 while model ate adaptation 
piobably has its origin m the cochlea 9 It would seem, moie- 
ovei, that not all types of disturbance rn erther locus pioduce 
abnormal adaptation at threshold, since many senson-neural 
losses do not exhibit anv tone decay at threshold This matter 
will have to be clarified by further reseaich 

The foregoing discussion not only lllustiates the fact that 
abnormalities m auditory function are complicated and, hence, 
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emphasizes the need to classify clinical sub-types moie ade¬ 
quately It also calls attention to phenomena which must be 
kept m mind by the clinician as he intei pi ets conventional 
thieshold tests He should, foi example, become immediately 
suspicious that a pioblem of abnoimal adaptation may exist 
whenevei he encounteis a subject whose threshold level 
seems to vaiy excessively fiom moment to moment Stated 
diffeiently, the fact that a patient’s audiometric lesponses 
aie highly uniehable may be a clue to unique featuies m his 
heaimg loss which can be quantified if explored with an 
appiopnate additional test 


XII 

In summaiy, the puie tone audiogiam can be of gieat help 
m the diffeiential diagnosis of hearing losses The configuia- 
tion of the air conduction cuive often suggests etiology, and 
m cases of conductive loss, the natuie of the mechanical dis¬ 
turbance In addition, an-borne relationships distinguish 
conductive fiom senson-neuial involvements Mmoi varia¬ 
tions m the bone conduction curve aie characteristic of dif- 
feient conductive lesions Finally, thieshold audiogiams 
contain much mfoimation which awaits full codification and 
which, when so codified, will conti lbute to a new level of 
precision m differential diagnosis among heaimg losses 
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Dr, Hirsh We have tune for a question 

Dr. Moe Bergman (New York. NY) I would like to 
express rav own gratification as I am sure the whole group 
does Professor Carhart is contmuallv urging us to go back 
and look at our audiograms verr carefullv 

I would like to ask a question on that last slide, and that is 
on that verv provocative case of tone decav I wonder, again, 
whether there is a relationship between the recruitment and 
the loss of loudness m the better ear as against the growth 
of loudness in the worse ear. Is the recruitment due to a 
growth of loudness m the poor ear, therefore, giving: us equal 
loudness, or because of the decay m the better ear 7 

Dr. Carhart There might be just the reverse. The better 
ear has such a low level of loudness that the match is made 
dose to threshold even though there is no recruitment, m the 
conventional sense, m the better ear. 
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These questions which you laise aie veiy exciting and 
lepiesent pait of the speculation which ought to be done I 
can simply lepoit to you facts In elderly people, at least, I 
am convinced that this phenomenon of pool healing, 125 and 
250, is sufficiently fiequent so that it cannot be accounted 
foi on mechanical giound oi some immediately explainable 
giound which we might think of, since we do not find it 
simultaneously m the same clinical urn, so to speak, on cases 
that do not fall m this categoiy 

Dr Hirsh The fust question had to do with physical fac- 
tois that make the measuiement of 125 unieliable 

Dr. Carhart I thought I answeied that simply by stating 
that this is an obseivation made undei clinical cncumstances 
wheie othei types of cases did not seem to show unreliable 
lesponses to 125 

Dr Tauno Palva, (Tuiku, Finland) I should like to com¬ 
ment on ceitam aspects of Dr Caihalt's papei, although I am 
supposed to discuss some of these phenomena in my own 
piesentation to be given latei 

The last slide shown by Di Caihart descubed a veiy laige 
stimulatoiy adaptation loss duimg only some thirty oi forty 
decibels of stimulation What is even moie lemaikable is that 
theie was similai fatigue m the healthy eai as m the deaf 
eai If the lesult is leal, I think it is an extieme vanant I 
have made a continuous thieshold lecoiding duimg foui 
minutes stimulation m ovei two hundred cases, lepiesentmg 
mostly lecoiding peiceptive type of lesions, but I have nevei 
seen as seveie pei-stimulatoiy fatigue as descubed by Dr 
Caihart 

In my experience the thieshold sensitivity loss does not 
geneially exceed 30 to 40 db, and it does not occui m moie 
than 15 to 20 pei cent of the patients with peiceptive lesions 

My second point concerns the slight loss of bone conduction 
obseived by Di Caihart at highei fiequencies in certain cases 
with chronic ears Supposing that some of these ears had 
peifoiations in the tympanic membiane with diy cavity, I 
should like to know whethei bone conduction measuiements 
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were also made when the tympanic perforation was closed, 
for instance, with a cigarette paper patch The possible dif- 
feience in the open and closed peifoiation could tell us 
whether the slight bone conduction loss was due onlv to the 
altered conductive abilitv of the tympanic membrane 01 
whethei there weie also changes in the window nucleus that 
could be responsible foi a covered bone conduction 

Dr. Carhart I would not wish to attempt to state what 
particular kind of mechanical factor might be responsible foi 
the tvpe of thing I was talking about in the bone conduction 
test 

I will comment bueflv on the first pomt you made, Di 
Paha This particulai kind of a test is a sort of first m- 
\entorv, of course, and tins particular case, while it is ex¬ 
tremely unusual, and I suppose, for that reason makes a 
beautiful demonstration, is nonetheless one whose \ahditv, 
whose clinical reality I cannot doubt, because the peison who 
did this happened to be a Danish phi sician who was working 
with us at the time, and who did not belie\e the lesults of 
the test the first time and, therefoie, letumed and repeated 
the test and got the same results the second time 

Dr. Hirsh Our discussion of audiometry has begun with 
the role of the audiogram, which is, as Dr Carhart told you, 
useful, and m addition, the puie tone adaptation test which 
Dr Carhart has implied will be useful in the futuie 

Let us return now to a consideration of a veiy important 
set of problems surrounding the syndrome known as Meniere’s 
disease 


MENIERE’S DISEASE 
Theodore E Walsh, 
St Louis, Mo 


I would like to bring up one point first about audiology m 
the diagnosis of Meniere’s disease I find the audiologist is 
quite a help, but I would emphasize that the diagnosis is made 
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by clinical obseivation I am not being facetious, I just want 
to emphasize the point that it is a caieful history of the case 
and a caieful obseivation of the patient by which the diagnosis 
of Menieie’s disease is made The audiologic findings simply 
confnm the diagnosis 

Let us fust take up the symptoms of Menieie’s disease 
Patients with this disease usually seek help because they aie 
dizzy It is usually not difficult to determine whethei this 
dizziness is tiuly vestibulai in ongm 01 whether the so- 
called dizziness is not 1 elated in any way to the labyimth 
Although the mam complaint is dnected at the vestibulai 
symptoms, it is leally cochleai dysfunction which is lespon- 
sible foi the condition I emphasize the point that I believe 
Meniere's disease is pumaiily a cochleai disease 

In taking a caieful histoiy of patients one can usually de¬ 
termine that they noticed some loss of hearing befoie they 
evei had then dizzy spells Patients seeking help for 
Menieie’s disease not only complain of dizziness but they also 
notice deafness, and they complain bitteily of tinnitus 

Now to discuss these symptoms individually, first, tinnitus 
The most common descuption given of this tinnitus is that it 
sounds exactly like the noise heaid when listening into a sea- 
shell, or the sound of the roai of the surf breaking on the 
seashore Those individuals who have never been fortunate 
enough to listen into a seashell 01 heai the surf, will tell you 
that the sound they hear in their ear lesembles the roai of a 
high wind m a forest or sometimes the sort of sound one 
heais when listening close to a telephone pole m a high wind 
The patients also complain of a full feeling m the head winch 
cannot be described m any other way except that it is a full 
feeling The heaung fluctuates At times these patients 
say they hear “perfectly” and at othei times “nothing at all,” 
but, on careful questioning about the hearing, most of them 
say they can heai but they do not understand This ability 
to heai and not undei stand is easily demonstiated when talk¬ 
ing to these people One seldom has to raise one’s voice m 
talking to a patient with Meniere’s disease even if he is in a 
penod of “heaung nothing at all,” but one must talk very 
slowly and veiy distinctly 
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Anothei complaint, which is moie noticeable m musical 
people, is that of a diffeient sensation of sound m the two 
eais, diplacusis This is very common If the patient is not 
musical he will tell you that sounds aie diffeient m the two 
eais, and he descubes the sound in the w r oise eai as fuzzy 
In the office we test foi this diplacusis by the use of tuning 
folks, and I w r ould emphasize that it is impoitant to test with 
all folks thioughout the whole lange, because diplacusis may 
not be piesent at eveiy tone Fiequently they notice no dif- 
feience, foi example, with a 500 cycle folk wdieieas when 
one uses the 4000 c\ cle folk it sounds diffeient m the two eais 
and vice veisa 

The vestibulai tests aie on the whole not much help m 
making a diagnosis of Menieie’s disease We may find a 
normal lesponse m the tivo labynnths, we may find a canal 
paiesis m the affected eai, oi we may find a dnectional pie- 
pondeiance, first to the affected side and latei to the noimal 
side It depends a good deal on how r long the condition has 
been piesent as to what vestibulai findings wall be Now I 
would like to show some slides that lllustiate these vanous 
points, the important points in the audiology of Menieie’s 
disease 

Fig 1—In this you see the puie tone audiograms of the two 
eais, one eai being peifectly normal and the othei one not 
Tins is not a very common puie tone curve m eaily Menieie’s 
disease As a lule the puie tone audiogiam shows a gieatei 
loss m the low tones and almost no loss m the high tones in 
the eaily cases, and latei the curve flattens and theie is an 
equal loss thioughout the scale, still latei moie and moie of 
the high tones aie lost as well as the low T , so that one has a 
dowm-sloping curve 

Diplacusis is well shown m this individual, and vou notice 
that the 500 cycle tone is matched fairly closely, but at 4000 
cycles he matches it with 2890 I always feel sorry foi 
people with that sort of diplacusis It must be mciedibly 
difficult to live with, if one is musical 

One of the points I mentioned, in oui office examination, 
that these individuals had not much loss foi speech at thiesh- 
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Fig 1 


old but considei able difficulty with disci immation, and this 
is shown heie I would like to emphasize this point, because 
in going thi ough a considerable numbei of these cases I found 
in no instance was the disci immation scoie bettei than 50 
pei cent, wheieas the thieshold was seldom moie than a 40 
decibel loss 

Figure 2 lllustiates much the same tlnng In this individual 
the fluctuation in heaung is well shown I would like to 
emphasize this fluctuation in hearing because it makes it very 
difficult foi us, as clinicians, to determine whethei any 
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theiapy we use is leally doing any good unless we can follow 
the patient ovei a consideiable penod of time Tins particu- 
lar individual was undei treatment dunng the time between 
Decembei, 1950, and Febiuary, 1951, and it vail be seen that 
his heaung was diffeient on tlnee diffeient occasions Heie, 
in January, 1951, he has a noimal hearing foi speech, wheie- 
as m Febiuary, m spite of theiapy, he diops to a 40 pei cent 
disci immation scoie and a 29 decibel tlneshold loss 



Figure 2 also shows the same patient’s leciuitment and the 
diplacusis In this instance, he had a consideiable diffeience 
m the heaung foi low tones lathei than m the high 

Now the fluctuation m heaung, I think, is important It is 
very important to start theiapy m these individuals when the 
heaung is fluctuating, because it seems to me that that is 
when theie is a chance of saving some heaung and leally 
l ehabilitatmg these individuals It is tiue that the tieatment 
of Menieie’s disease is dnected fust towaid the lehef of the 
unpleasant and dangeious veitigo Unfortunately, that is 
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here it usually stops As a matter of fact, I don’t believe 
that the relief of vertigo is neaily so difficult as the piesei- 
\ation of heaimg That this preservation is possible by 
treatment I would like to show m Figure 3 

Tins is a man vho has a bilateral Meniere’s disease You 
can see that Ins healing m both eais is fluctuating consider¬ 
able but on treatment he has remained at this good level for 
quite some tune 

Figuie 4 lllustiates the same sort of fluctuation This is 
an old man with piesbjcusis in one eai and Menieie’s disease 
m the other When we started theiapy the healing in the ear 
with Menieie’s disease had only 28 pei cent disciunmation, 
but on treatment it went up to 76 per cent, and Ins threshold 
also impioved When the medication w as changed lus heal¬ 
ing diopped, but we have been able now to preserve him at a 
le\ el of some 70 pei cent disci immation foi several yeais 

To summanze the audiologic findings, the important ones 
aie 1 Fluctuation m the healing wInch giadually becomes 
woise until almost complete deafness results 2 The loss at 
thieshold for speech is not great m comparison with the dis¬ 
ci immation loss 5 Eaily pure tone audiogiams show an 
up-sloping cur\e and latei the curve flattens and finally the 
high tones are lost U Diplacusis is almost always present 
5 The tinnitus is descubed as a roanng sound and theie is a 
full feeling m the ear 6 Finally, the most important point 
m the diffeiential diagnosis of Meniere’s disease is the m- 
\anable presence of reciuitment that e\en becomes in some 
instances hyper-recruitment 

Dr Hirsh Are there anv comments 9 

Unidentified Doctor I would like to co mm ent on dip¬ 
lacusis which is observed in many cases In effect, the 
diplacusis mav sometimes make very difficult the evalua¬ 
tion of the other eai, which is \ery useful foi diagnostic 
puiposes, and I should like also to stress that m my opinion 
it is not always easv to make a pure audiological diagnosis 
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of Menieie’s disease We have seveial diseases chaiactei- 
lzed by vertigo which aie not Menieie’s disease, but aie 
due to some disease of the neives, foi instance, the fact 
of a patient having vei^tigo and piactically normal hearing 
This could be an unusual case of Menieie’s disease without 
impairment of the auditory function, but we could not do 
without the vestibulai examination in all cases of Memeie’s 
disease because it not only informs us about the condition of 
the vestibulai appaiatus, but also adds very much to our 
diagnosis In effect, if you find a man who has vertigo and 
normal heaung and you send him to the audiologist who says 
that he finds a total loss—we aie cleaily dealing, not with a 
Meniere’s disease but with a neuntis of the acoustic nerve, 
because m Menieie’s disease it is impossible to have a total 
loss of function of the vestibular appaiatus On the other 
hand, we have total loss of heaung 01 a seveie loss of heaung 
with a fairly normal vestibulai neive Now, this is generally 
due to the fact that we aie dealing with a cochleai neuritis 
In fact, we might lely on some combinations of cochlear and 
vestibulai diagnostic testing If we have a total loss of hear¬ 
ing and a total loss of vestibulai function on one side, we may, 
likewise, make a diagnosis of neuntis of the VUIth nerve, 
and in the history of the patient we nevei discovei any sign 
of even the slightest vertigo We aie confionted m this case 
with a tumor of the acoustic nerve It is my opinion that no 
diagnosis of Menieie’s disease should be made unless the 
vestibulai examination and the cochleai examination agree 
as to then lesults The lesults must go hand m hand, othei- 
wise we aie not certain that we are dealing with a Meniere’s 
disease and not with an infection of the head nerves 

Dr. Victor Goodhill I fully agiee with Di Walsh that 
tinnitus may be the consideiation that he descubed m 
Menieie’s disease, howevei, I have seen this type of tinnitus 
m otoscleiosis not too laiely, and m othei lesions, which 
prompts me to urge my audiological colleagues heie today 
to give moie attention to tinnitus analj r sis m the oveiall 
appioach to diseases of the eai I think we have neglected 
the symptom of tinnitus, and that can help us a gieat deal 
if we set out to get some technique foi clinical attention, 
qualitatively and quantitatively 
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COCHLEAR VS RETROCOCHLEAR LESIONS 

Tauno Palva, 

Univeisity of Tuiku, 

Tuiku, Finland 

It is a geneial iule that the majoi division between heaung 
disoideis of conductive and peiceptive type is made on the 
basis of a puie tone audiogiam If bone conduction is noimal 
01 cleaily bettei than ail conduction, the case is labeled as 
conductive, if it equals 01 is pooiei than air conduction, 
the deafness is classified as peiceptive The fust conclusion 
always holds tiue In the lattei case, classification is not 
so simple, theiefoie I feel that, befoie discussing the dif- 
fdences in the subgroups of perceptive deafness, it is neces¬ 
sary to say a few woids about cases wheie an conduction 
appioaches 01 equals bone conduction, though theie is a puiely 
conductive deafness 

Togethei with Ojala, 1 I have pointed out that m neaily 
one-thnd of the cases with simple acute otitis media, bone 
conduction is abnoimally poor as long as the middle eai has 
not healed In these cases, howevei, the diagnosis can be 
ascertained simply by looking at the tympanic membiane, 
but diagnosis is no longei so easy m cases of seious 01 ad¬ 
hesive otitis geneially associated with only mmoi alteiations 
m the tympanic membianes These cases piesent a typical 
curve of perceptive component with lowered bone conduction, 
most seveiely at the highei end of the scale The reason foi 
this is either seious secietion which fills the wmdow niches 
and the middle eai, 01 adhesions and thickened mucous mem- 
bianes which fix both windows In the absence of inflam¬ 
mation both an and bone conduction instantly return to nearly 
noimal values when the seious fluid is aspuated 

Otoscopic examination with Siegle’s speculum and aspiia- 
tion of the middle eai aie the most important assets m 
sepalatmg these cases fiom tiue perceptive deafness In 
laie cases even exploration of the middle eai may be neces- 
saiy to obtain a conect diagnosis and to ietum good heaung 
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If it is established that the middle eai is normal, equal 
an and bone conduction indicate peiceptive deafness In the 
laige majonty of cases the lesion is localized to the end- 
oigan 01 to the Ylllth neive, only a few cases piesent a 
moie central pathology 

Reci mtment Testing 

In dividing peiceptive deafness into these two mam sub- 
gioups, it has been customary to use the lecruitment of loud- 



Fig- 1 A case with serous otitis media. Bone conduction is consider¬ 
ably lowered at higher frequencies but returns promptly to normal after 
aspiration of the middle ear 


ness as a critenon Fovrlei’s 2 ongmal concept was that this 
phenomenon occuis m peiceptive deafness in general, and 
is not typical of any moie definitely localized lesion Tests of 
loudness leciuitment have enjoyed increasing popularity only 
since 1948 when Dix, Hallpike and Hood 5 stated that recruit¬ 
ment is pathognomonic of end-oigan disease, more specifically 
of lesions m the hair cells 

The fust histological con elation of loudness recruitment 
to the changes in the end-oigan was obtained from cases of 
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Menieie’s disease wheie the special featuie, agieed upon by 
all investigators, was distension of the cochleai duct Special 
damage to the han cells was obseived by Hallpike and 
Canns 4 and by Dix and Hallpike 5 m a total of tluee eais 
Othei woikeis,°' s howevei, weie not able to find such han 
cell changes as could be definitely sepaiated fiom postmortem 
degeneiation On the othei hand, it was common observation 
that ganglion cells and neive fibeis lemamed intact at least 
m the eailiei part of this disease, and thus the piesence of 
leciuitment must necessanly be 1 elated to the stiuctuies 
penpheial to the spnal ganglion 

Anothei histological con elation comes fiom the animal 
studies of artificial acoustic tiauma °" 11 It is agieed that the 
lesions aie pnmanly seen m the mesothelial cells of the 
tympanic lamella and in the external hail cells Following 
veiy intense stimulation the whole oigan of Coiti may be 
destioyed The lesion is also evidenced by a maiked 1 educ¬ 
tion of the cochleai potentials, although such a 1 eduction 
may occur m eais without demonstiable histological tiauma 

In human maternal, exposed to acoustic tiauma, the re¬ 
sulting lesions legulaily exhibit leciuitment phenomenon 
This is the case m expeiimentallv induced healing losses by 
stimulation with intense sounds 13 and in the eais subjected 
to occupational acoustic tiauma 14 

The thud histological con elation is denved fiom Saxen’s 
studies of piesbycusis 15 Among Ins 44 cases theie weie IB 
in which the lesion was lestncted to the spnal ganglion and 
neive fibeis and the end-oigan itself was intact Anothei 
mam gioup compnsed 19 peisons m which theie weie seveie 
angioscleiotic changes m the stna vasculans and high grade 
degeneiation of the oigan of Corti, especially m the external 
hail cells, but sometimes the sensoiy sti uctui e as a whole 
was degenei ated in certain aieas As a lule some i eduction 
m the spnal ganglion cells and in the numbei of neive fibeis 
also occuned m these cases In this angioscleiotic gioup 
Saxen obtained anomalous lesults with high intensity Weber 
tuning folk tests lateialization to the eai showing gieatei 
changes m the oigan of Corti At the time of Saxen’s clinical 
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investigation little was knovn about the reciuitment phe¬ 
nomenon, but we now know that this type of lesult of a Webei 
test is one v av to demonstrate recruitment phenomenon 16 

The presence of leciuitment in part of the presbycusis cases 
is easily demonstrated with the monaural loudness balance 
test Pestalozza and Shoie 1 " leported complete reciuitment 
in four cases out of 20 studied It is also the experience at oui 
laboratory that many presbycusis ears show recruitment 

We must now considei closeh the gioup of neuial deafness 
showing piomment lesions m the nerve fibeis and also m 
the spiral ganglion, viz acoustic neunnomas Dix, Hallpike 
and Hood, 3 who first descubed this gioup as typical non- 
lecruitmg deafness, latei 15 found lecruitment of loudness m 
12 pei cent of the tumors E\en earliei, defending Ins theory 
that the leciuitment phenomenon is topical of peiceptive 
lesions m geneial, Fowlei 19 descubed one case with complete 
leciuitment I have lecentlv seen a case of ceiebellopontme 
angle lesion with leciuitment The explanation foi recruit¬ 
ment m these tvpical neuial lesions has been assumed to he 
in the distuibed cochlear blood supply, which adds end-oigan 
damage to the pictuie Dix and Hood 1 * even descubed two 
cases m which theie was leciuitment pnoi to operation when 
the cochleai blood supply had piesumably letumed to normal 

In the piesbycusis gioup of Saxen, 13 showing only spiral 
ganglion cell and nerve fibei atrophy, the clinical evaluation 
showed no evidence of the piesence of leciuitment 

Evidently one can safely sav that, if theie is leciuitment, 
there is also an end-oigan lesion, and that m a puie ganglion 
cell nerve fibei atiopliv theie is no lecruitment, but theie 
lemam a numbei of cases m which both lesions aie combined 
and reciuitment mav or may not be piesent It is piobable 
that if the end-oigan lesion dominates, but is not too seveie, 
there is leciuitment, and if the neuial lesion dominates, theie 
is none When these conclusions aie applied to the audiolog- 
ical findings, we must say that positive lecruitment is evi¬ 
dence of an end-oigan lesion, but does not necessaulv exclude 
an associated neuial involvement Conti an wise, the absence 
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of leciuitment means that theie is a dominating neuial lesion 
but it does not exclude a simultaneous end-oigan damage 

At piesent we do not exactly know why leciuitment occuis 
m end-oi gan lesions, although many hypotheses have been 
advanced to explain the phenomenon It is commonly be¬ 
lieved that as the excitation becomes stiongei, moie and 
moie hail cells aie activated, especially internal hail cells, 
which aie moie lesistant to damage than the external ones 
The lesultmg initial dischaige would then be capable of 
stimulating a noimal amount of neive fibeis, so that a normal 
loudness sensation lesults, howevei, the mattei is not so 
cleai as that If one believes that the cochleai potentials 
aie a fan mdicatoi of the condition of the hail cells and 
lesponsible for initiating the neive impulses m the cochleai 
neive endings, one is at a loss to undeistand the ongm of 
the leciuitment phenomenon 

In Fig 2, which is lepioduced from Wevei and Lauience’s 
lecent book 20 “Physiological Acoustics,” we notice fust a 
normal cochleai potential curve obtained by mci easing the 
stimulus and lecoidmg the mciease in the potentials The 
lowei cuive descubes a similai lesponse fiom an eai sub¬ 
jected to acoustic tiauma, and it shows a constant deviation 
from the upper curve If, in this typically leciuitmg lesion, 
leciuitment were to depend upon the activity of the hail 
cells m the foim of cochleai potentials, the cuives should 
unite at higher intensities instead of showing the piesent 
nonieciuitmg slope The lesults of Davis and his associates 11 
suggest, on the othei hand, that the maximum lesponse is 
lowei ed less than the tlneshold, and it might be said to 
lepiesent partial reciuitment 

At the present state of oui knowledge I suggest that the 
neive endings around the han cell bases may possibly be 
impoitant also m the ongm of leciuitment, although the 
idea that the mechanical movements of the basilai membiane 
might directly stimulate the nerve endings, is not consistent 
with the present belief, howevei, many of Saxen’s piesbycusis 
case lecords indicate good healing even m cases where the 
hail cells had suffeied intensive damage but the nerve end¬ 
ings weie intact Furthei data on this question aie lequned 
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Indued Rectnitment Tests 

A numbei of othei tests have been devised to take the place 
of loudness balance tests, 01 some have been claimed to be 
independently of gieat clinical significance In this con¬ 
nection I can discuss only buefly some of these tests Foi a 
moie complete evaluation the leader is lefened to an eailier 
paper 21 



2 Intensity functions for the cochlear responses of the cat on 
stimulation with a 1000 c.ps tone before and after injury b> o\er- 
stlmulation with this tone Reproduced from "Physiological Acoustics 
p 295 Weter and Laurence 0 


Togethei with Hush and Goodman, 22 I have shown that the 
tests foi intensity diffeience limen do not differentiate coch¬ 
lear fiom letiocochleai lesions the figuies foi IDL aie of 
the same magnitude foi both gioups Oui testing was done 
by the method of companng the intensity of two separate 
tones, but theie is also enough evidence to testify that the 
use of modulated tones 23 21 does not take us furthei m the 
differential diagnosis 

The same can be applied to tests foi frequency difference 
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limen Some authois 2320 claim that especially an mcieased 
FDL signifies lecimting deafness and cochlear lesions, others 
say that this veiy finding is frequent m retiocochleai pathol¬ 
ogy It is difficult to see how the size of the FDL could be 
diffeient in these two main categones when one iemembers 
that diplacusis, a change m pitch perception, occuis in 
cochlear as well as m letiocochleai lesions 

Tests foi eithei pei- or post-stimulatory fatigue 25 ’ 31 have 
been lecommended foi differential diagnosis, however, con¬ 
trol experiments have shown that abnormal results appear 
m the two mam groups of peiceptive deafness, and a large 
proportion of the cases show results comparable to noimal 32 36 
We may take as an example continuous threshold recording 
at a fixed frequency which exemplifies a special kind of per- 
stimulatory fatigue Hood 28 has claimed that abnormal fati¬ 
gability in this test is typical of an end-oigan lesion, and 
Regei and Kos, 30 and Kos 3- have reported cases of acoustic 
tumors with highly fatigable eais at threshold stimulation 
In my experience 33 a good many cases in both groups show 
only minor fatigability dunng a foui minute test, but theie are 
cases m both the cochleai and retiocochleai group that show 
also abnormally high fatigue 

The width of the excursions m a self-recording audiometei 
has also been used as a localizing test in audiometiy 38 L 
seems true that veiy small excursions, indicating rapid growth 
in audibility, are a common phenomenon m cases with asymp¬ 
totic recruitment at highei frequencies At the lowei tones, 
below 1000 c p s, and in the groups of straight oi delayed 
recruitment, the size of the excursions is generally laigei 
and allows no conclusions as to the leciuitment phenomenon 35 

Masked audiograms, eithei with white noise 38 or with saw 
tooth noise, 40 have also been advocated m the differential 
diagnosis In control measurements with critically controlled 
stimuli it has been shown that noise audiometry is not helpful 
foi this purpose 4142 

Speech Tests 

During the last decade it has been established beyond doubt 
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that the leciuitment phenomenon is accompanied with pool 
disci lmmation foi speech This has been leported among 
others by Dix, Hallpike and Hood, 43 by Eby and Williams, 44 
by Huizmg and Reyntjes, 4 and in oui own senes :=4r Speech 
function depends mainly upon two facts, vxz the charactei- 
lstics of the language and the thieshold loss for speech Using 
the Finnish language, which is lich in vowels, the ability 
to discriminate is not gieatly 1 educed until the thieshold 



Flgr 3 Continuous 4 min threshold recordings In \ arlous forms of 
perceptive deafness Temporarj threshold shift rnav appear in recruiting 
as well as in nonrecruiting deafness The width of the tracings ma\ 
remain large also in recruiting deafness especlall\ at loner frequencies. 


loss exceeds 40 db 4G but using the Ameiican PB test tins 
alieady occuis m cases of 20 db loss 22 

It was believed at fust that m letiocochleai deafness, even 
when it is seveie, speech discimunation is bettei than in 
end-oigan lesions This was the expenence of Dix, Hallpike 
and Hood 43 and of Eby and Williams 44 m acoustic neuri¬ 
nomas, and at least m the lattei senes, there weie enough 
data of masking to convince the leadei that shadow healing 
was not piesent The ability to disci immate speech was 
leasonably good and mcieased with increasing amplification, 
howevei, mci easing clinical expenence bi ought out deviating 
lesults 
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HEARING LOSS FOR SPEECH db 


Fig 4 The relation between discrimination ability and hearing loss 
for speech in 69 cases with complete recruitment tested with the Flnnisn 
speech test material Discrimination suffers notably when the threshold 
loss exceeds 40 db 



HEARING LOSS FOR SPEECH db 


Fig 1 5 The relation betw een discrimination ability and hearing loss 
for speech In 27 cases with complete recruitment tested with the American 
FB material Discrimination suffers greatly already after 20 db threshold 
loss Data from Hirsh Fal\a and Goodman ~ 


Poor speech disci mnnation in acoustic neunnomas has 
been leported m seven cases by Liden, 1 ' m two by Schu- 
knecht and Woellnei, 48 and m one by Harbert and Sataloff 40 
The two cases of oui own, 22 to which Walsh and Goodman 00 
latei added one, also showed very poor articulation function 
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In quite small thieshold losses, discrimination for speech can 
be disproportionately pool or even nil 

The testing expenence at our laboiatory still suggests that 
m nonrecruiting neural pathology, excluding acoustic tumors, 
speech function is lowered but leasonablv good It may be 
that the presence of an acoustic tumor m a nerve reduces 
the nerve fibers to such an extent that delivery of all com¬ 
plex signals becomes impossible 

In conclusion, we do not at present have such audiological 
tests as would tell us that m one case there is a pure cochlear 
lesion and m another a pure letiocochlear lesion with 100 
pei cent certainty We should, therefore, avoid depending 
too much on audiological tests alone Audiometric tests are 
an extremely important asset m case evaluation, but it must 
be remembered that final diagnosis can be made and the 
lesion located only on the basis of complete anamnestic and 
clinical data, supported by the results of auditory tests 
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Dr. Hirsh Are theie any comments on Di Palva’s paper ? 

Dr. Josef Zwislockl, (Cambiidge, Massachusetts) I have 
comments on the two papers of Dr Palva and Di Caihart 

I am not quite suie when it is safe to say that the difference 
between bone conduction and an conduction diffeientiates 
conductive fiom peiceptive deafness Theie is one thing 
which is established beyond a reasonable doubt today, i e, 
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that the conduction of sound m the innei eai is essentially 
the same foi am and bone conduction 

Dr William G Hardy, (Baltunoie, Maryland) Thei e are 
gap aieas in the diagnosis of heaung losses that need much 
woik Foi example, we cannot offei much of value to the 
patient when we find nerve degeneiation 01 an advanced 
case of otoscleiosis Thexe is a toxic condition that leads to 
neive degeneiation, but we do not know just what it is 

In anothei aiea is the case of deafness caused by a single 
blow to the head We heai much about acoustic trauma, and 
shock pulses causmg total deafness, but clinically, we are 
fiequently piesented with the case of a man who leceives a 
blow to the head which is not seveie enough to knock him 
down, yet he loses his heaung Or again, he may be knocked 
down, but not haid enough to cause a fracture of the skull 
01 pioduce unconsciousness, but still he has a total loss of 
heaung I think something like this may be the lesult of a 
hemonhage into the labyrinth 

In still another aiea, the innei eai, we see the effects of 
vnus disease Measles and mumps may distuib the hearing, 
even without an open infection A vnus may attack and the 
lesion may be entnely m the endolymphatic system and begin, 
foi example, m the stua vasculans and the tectonal mem- 
biane may loll up We get a gieatei destruction of the stua 
on the basal turn, in these cases, and the stria may even dis¬ 
appear at that point 

We have many cases of deafness winch we cannot explain, 
some of which are connected with oculai disturbances This 
may be a toxic involvement thiough the lound window 

Then there are the intriguing diseases, such as Menieie’s 
sease, wheie theie is a shift m threshold and the hearing 
is depressed more m the low tones Why is theie only a low 
tone deafness? In theory this is only possible on the basis 
of an inner ear conductive loss, but the presence of recruit¬ 
ment makes this not very piobable, howevei, the shift fiom a 
high to a normal healing threshold may take place m only 
a few houis This again favois the theory of the condition 
of the hail cells themselves as being important 
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I have patients who have presbycusis befoie they developed 
Menieie’s disease Deafness seems to have been caused by a 
marked distuibance of the wall of the vestibule 


CLINICAL ASPECTS OF CORTICAL DEAFNESS 

Ettore Bocca, 

Univeisity of Milan, 

Milan, Italy 

The clinical examination of the penpheial oigan of hearing 
has undeigone a ladical evolution in the lecent decades, 
thanks to electiophysiological investigation of the cochlea, 
and to the mtioduction of the audiometei, howevei, it has 
not had its counteipait in a better knowledge of the auditory 
expenence as a whole 

More and moie attention has been devoted to audiometry, 
with the lesult that we know a lot moie about healing but 
as little as ever about listening Since the assertion of Collet 
in 1920, that we know nothing about the cortical tioubles 
of hearing, things do not seem to have impioved much until 
1953, when Aboulkei stated that the semeiology of the cortical 
disoideis of healing is still in its infancy Two years latei 
Alajouamne, m his beautiful book on the functions of the 
tempoial lobe, concluded that it is so fai impossible to make an 
audiometi ical diagnosis of a lesion of the auditory cortex 

As far as we aie dealing with the oigan of healing, physio¬ 
logical, physiopathological and clinical investigation may avail 
themselves of the same stimuli puie tones, oi simple sounds 
Befoie these stimuli, the oigan of healing behaves m a well- 
defined fashion, aceoidmg to well-known physical and mathe¬ 
matical laws 

The appieeiation of loudness casts a shadow upon the value 
of some physical determinations, but that pioblem, too, has 
had a satisfactory explanation on a psychophysiological basis 
As fai as tones and simple sounds aie concerned, the lesponse 
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m the expei imental animal may be compaied with the le- 
sponses which aie obtainable m the clinical expei iment in 
man, howevei, things get moie and moie complicated as we 
considei the analysis and the identification of a meaningful 
message The electucal lesponse of single cortical aieas to 
puie tones, 01 clicks, piovides an excellent basis foi the 
knowledge of the limits, and the excitatory piocesses, of the 
auditoiy cortex, but it does not help in explaining how the 
coitex may elaboiate the psychological aspects of a verbal 
message 

The conditioned thresholds to sounds in the decorticated 
animal only piove that most acoustically conditioned leflexes 
take place at some level below the cortex The demonstra¬ 
tion affolded by that animal, previously conditioned to dif¬ 
ferent sequences of stimuli, which fails to give differentiated 
responses aftei its coitex has been lemoved, is the only ex¬ 
perimental hint to the importance of the cortex m cortical 
discrimination of auditory patterns Recently, furthei obser¬ 
vations upon this point have been reported The function of 
the auditoiy cortex must not be legalded as analytical, on 
the contiaiy, it is mainly synthetical The different attri¬ 
butions of sounds must be faithfully transmitted fiom the eai 
to the centeis m older that they may be conectly lecognized, 
but, when the sound is a meaningful veibal message, it is also 
necessary that they leach the centeis with a certain oidei 
m space and time “Reveised” woids are not compre¬ 
hensible, m spite of the fact that they contain exactly the same 
frequencies and intensities, a pooily known foreign language 
is not understood if it is spoken rapidly These few facts 
may seive as an example that theie is a wide difference be¬ 
tween the lecogntion of the physical qualities of a sound and 
the piocess of identification of a veibal pattern The formei 
depends upon the working of the auditoiy apparatus as a 
whole, the lattei is a specific function of the auditoiy cortex 
This is a veiy obvious and widely accepted fact, which should 
have long since onentated all clinical investigations of heal¬ 
ing at a cortical level 

Otologists of many countries have been busy m lecent yeais 
trying to leveal cortical disturbances of hearing by means 
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of pure tones, which aie to be consideied as the specific stimu¬ 
lation of the cochlea, cochlear neive, and the first stations of 
the auditory pathway The scanU data available in the liteia- 
ture aie equal only to the scaice importance of the obser¬ 
vations 

If we devote some attention to the woiks of all the gieat 
neurologists and psychologists of the last 70 years this seems 
to be lathei surpusmg In the chapters dedicated to the 
pioblem of aphasia, the way to furthei leseaich m the field 
of cortical deafness is clearly indicated Until the physiolog¬ 
ical expeiiments aie able to bridge the gap between form and 
experience (which is highty improbable) v r e shall be obliged, 
when studying sensation at a psychological level, to set apart 
all the tiaditional expeilmental and clinical methods, and to 
avail oui selves of testing matenal of a puiely psvchological 
value Puie tones and simple sounds must be abandoned, 
and words or sentences must be lesoited to, because they 
alone own the symbolic, emotive, mnemonic, and evocative 
qualities wdnch acquue their significance at a cortical level 

As a mattei of fact, aftei the failuie of tonal audiometry, 
hearing foi the voice has been tested by some authois, m 
cases of pathology of the tempoial lobe, the lesults did not 
significantly diffei fiom noimal, so that any further pos¬ 
sibility of audiometiic investigation of the auditory cortex 
seemed to be piecluded At the piesent state of knowledge 
theie is a shaip passage, m the tempoial lobe pathology, fiom 
normal heaung to woid-deafness, which lepiesents the final 
stage of most severe lesions We have no means of levealmg 
audiometiically the eaily 01 pie-aphasic stages 

If we bear m mind the importance of quality, space, time, 
and lhythm as factois governing the cortical identification 
of a veibal pattern, we may be easily persuaded that modem 
electroacoustic engineering gives us a chance of alteung one 
01 moie of these factois m a way which can be exactly de¬ 
fined and easily lepeated, an entirely new testing material 
may be put at oui disposal, foi the detection of eaily tioubles 
of cortical hearing, m the same way as the audiometei reveals 
early and unsuspected tioubles of the frequency and intensity 
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function It is not difficult to explain why, m limited lesions 
of the tempoial lobe, evident disordeis of veibal healing are 
laie events 

The nervous sensory apparatus works accoidmg to a pnn- 
ciple of redundancy, which is very common to all natural 
organizations As a consequence, even if a fanly laige num- 
bei of its stiuctuies aie put out of function, sufficient con¬ 
tacts aie always possible between the centers and the external 
world 

On the othei hand, speech also, as a means of communica¬ 
tion, works along the same principle Eveiy speech sound 
contains an enormous amount of information units, fai out¬ 
numbering the minimum that is theoretically required foi its 
differentiation from anothei sound, as a consequence, even 
if a certain numbei of those units get lost, due to faulty tians- 
mission 01 reception, the speech sound is still recognizable, 
moieovei, if one considers the rather rigid way in which 
speech sounds aie combined into a woid, or woids into a 
sentence, a very considerable loss of quality is necessary to 
make speech no longei intelligible It appears logical to sup¬ 
pose that the conditions foi the identification of a veibal 
message glow more difficult if the pool quality of the message 
is associated with a pool woikmg of the neuial sensoiy struc¬ 
tures, in other woids, when a peripheral distortion is as¬ 
sociated to what we may call a cential distortion The dis¬ 
tortion may affect intensity, frequency, and time Any 
alteration of these factois will altei the value of the equation 

S + N 

I (amount of information) =2 t w log —^— 

(Where t is the duration of the signal, w is the width of the usable 
frequency range S the maximum amplitude of the signal, N the minimum 
discernible difference of intensity) 

theieby 1 educing or mcieasing the amount of information 

Other factois such as space and rhythm must also be taken 
into consideration, therefore, we developed a series of clinical 
audiometnc investigations whose logical basis was that of 
sensibilizing the traditional speech tests by making them 
more difficult m seveial ways (cutting of frequencies, accel- 
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eiation, periodic intei mption, increase of the length of the 
message, alteiation of meaning, lhythm, accentuation) Some 
of these tests have already been peifoimed in an extensive 
numbei of cases of tumois of the tempoial lobe, and of de- 
geneiative changes of the ceiebial cortex, due to old age In 
all these cases tiaditional tonal and speech audiometry failed 
to leveal any significant deviation from normal Some other 
tests have been so far expenmented with in a moie limited 
numbei of cases, mainly 01 exclusively old-aged subjects 

FACTORS AFFECTING THE CORTICAL RECOGNITION 

_ OF THE VERBAL IMAGES _ 

Factors _ Related Tests 

Plnslcal Qualities of the Verbal Pattern.. _Distorted Voice, 

Interrupted Voice 

Duration of the Signal _ ___„_Accelerated Voice 

Length of the Message.. ____ Long Sentences or 

Lists of Words 

Meaning ~ .. _ _ Meaningless Sentences "Reversed” Sentences 

(Ex the cat is on the table 
table the on is cat the) 
Rhythm „ ^ _ Prosodic Alteration (Accent Shift) 

Aperiodic Variations of Speed, 
Reversed Sentences 


Fig l 


1 Distorted voice Lists of PB disyllabic woids have been 
piesented monaurally at 50 db above thieshold, through a 
low-pass filtei capable of reducing disci immation to 70 to 80 
pei cent in the normal subject Tempoial lobe tumors piesent 
an aveiage discrimination which is pooiei m the eai conti a- 
lateral to the tumoi (50 pei cent vs 65 to 75 pei cent in 
the ipsilateial eai ) 

2 Intel rupted voice A disci immation of 80 pei cent of 
PB disyllabic lists is the lule m the noimal subject, if the 
voice at 50 db above threshold is intei mpted penodically 
10 times pei second, the latio voice silence being 1 1 Tumois 
of the tempoial lobe show worse discrimination m the eai 
contralateral to the lesion (30 to 40 pei cent less as an 
average) 

S Accelerated voice If the numbei of woids pei minute 
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of the speech is mcieased fiom the noimal (about 150 woids 
pel minute) to about 350 woids pei minute, the discilmmation 
always appioaches 100 per cent in the noimal subject, how- 
evei, the tlneshold is laised by 10 to 15 db Tumois of the 
tempoial lobe may piesent a normal thieshold shift, but the 
disci lmmation never attains 100 pei cent m the contialateial 
eai 

U Long messages When listening at a comfoi table level, 
a noimal subject is able to lepeat 100 pei cent of obvious 


AGED PERSONS 


Test 


Response 

Distorted Voice 

+ 

Fairly Good 

Interrupted Voice 
Accelerated Voice 

+++ 

+++ 

| Vert Pool in Both Ears 

Long Sentences or 

Long Lists of Words 

+ + + 

+ 4- 

j. Vei \ Poor in Both Ears 

Meaningless Sentences 

4- 

Fairlj Good 

Reversed Sentences 

+++ 

Extiemeh Poor 

Prosodic Alteration 

+++ 

Extremely Poor 

Velocity Fluctuation 

++ 

Poor 

TEMPORAL 

LOBE TUMORS 

Test 


Response 

Distoited Voice 

+++ 


Intel rupted Voice 

4- 

> Pooi in Contralateral Ear 

Accelerated Voice 

++ 

/ 

Long Sentences or 

Long Lists of Words 

4-4-4- 
+ 4- 

A Poor in Both Ears 

V Onlj in Left Side Lesions 

j (Right handed Pts ) 


(+ indicates ’validity of the test.) 
Fig: 2 


sentences of ten words, and lespectively 70 pei cent of 15 
Avoids and 40 pei cent of 20 woids Tumois of the tempoial 
lobe show a very pool peiformance (lespectively 70-10-0 
pei cent foi monauial left and right, or bmauial audition, 
AA r hen the tumoi is located m the left hemispheie m light- 
handed patients No deviation fiom noimal is observed m 
light-sided tumois 

The lesults obtained appeal to be specifically indicative 
of an impanment of the auditoiy cortex, as no similar re- 
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sponses have been obseived in the many cases wheie the 
tumoi was located outside the tempoial lobe 

It is intei estmg to note that, as fai at least as the integra¬ 
tion of a distorted message is concerned, theie seems to be 
no leal dominance of one hemispheie ovei the othei The 
pooiei lesponse is always m the conti alateial eai, legardless 
of the side wheie the lesion is located, howevei, foi the 
function of memory, the left hemispheie m light-handed 
patients is cleaily dominant Cases of severely increased 
mtiaciamal piessuie often give bilaterally pool lesponses 

The obseivations made in tumoral pathology piompted us 
to investigate the lesponse to the same tests in old-age sub¬ 
jects, showing the best possible audiometnc curves in 1 elation 
to age and the best possible performance m psychometiic 
tests, and noimal lesponses to tiaditional speech audiometry 
The results have been even more demonstrative than those 
observed in the gioup of tempoial lobe tumors, of couise, 
no diffeience existed in monauial tests between the lesponse 
of the two ears The only exception was obseived in the 
test of distorted voice Discrimination was bettei in aged 
subjects than m tempoial lobe tumois This may be tenta¬ 
tively explained by the fact, that due to the piogiessive loss 
ovei high frequencies, the aged persons have been slowly 
getting accustomed to the cortical integiation of messages 
lacking the higher portion of then acoustic spectiums 

The mtenupted voice test gave much pooiei lesponses 
than m tumor cases The same happened with the acceleiated 
voice test, the long sentences test gave as poor results 
Some of the poorei lesponses may depend upon the gieatei 
synaptic delay in the cortex In other cases, they may be due 
to the lack of partial compensation by the conti alateial tem¬ 
poial lobe The compaiative evaluation of the results of our 
tests in the old age and tumor gioup of cases is an implicit 
confirmation that the auditory tioubles of old age aie mainly 
cortical in ongm, and that msofai as the piocess of cortical 
elaboration of the message is concerned, it does not matter 
whether the cortical lesions aie biought about by compies- 
sion and invasion, 01 by pnmary atiophic and degeneiative 
changes 
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This fact has peisuaded us m lecent months to extend 
furthei oui psychoacoustic leseaiches m the aged subjects, 
who form a fai moie numeious and homogeneous gioup than 
tumor cases, with the conviction that the lesults may be a 
pi oof of the validity of new testing matenal, and an indication 
of its possible employment m the study of coitical pathology 
fiom othei causes 

The new testing matenal used consists of 

1 Meanmgless sentences The importance of meaning does 
not much affect the collect lepetition of sentences, with 
lesults only 20 pel cent less as compaied with the contiol 
gioup 

2 Alteiation of lhytlim The impoitance of lhythm seems 
to be of paiamount impoitance in the collect lecognition and 
lepetition of sentences Rhythm may be alteied by, 1 niegu- 
laily vaiymg the output velocity of the speech, or 2 shifting 
the accent of woids to wiong places 

In the old-age group, when compared with the conti ol 
gioup, the pel cent of conect lesponses falls lespectively 
fiom 100 to 70 pel cent, and fiom 50 to 0 pei cent 

These investigations furthei helped us to establish which 
functions of the auditory cortex and associated aieas are more 
liable to be compiomised, and which tests aie moie suitable 
foi the detection of a cortical impairment of hearing, whose 
clinical evidence is a veiy late and very lare occurence 
Modem electi oacoustic facilities allow us to multiply these 
tests, and to perfoim them under conditions of so fai un¬ 
known leliability A fust step seems to have been made 
m the cieation of a new semeiology of the coitical disturb¬ 
ances of healing 

This new semeiology is not only diagnostically important, 
but it entails intei estmg physiological and psychological im¬ 
plications, mz the lelative importance of ciossed and un¬ 
ci ossed fibers along the auditory pathway, and the dominance 
of one hemispheie ovei the othei, moieovei it leads to a 
consideiable widening of the term of “deafness’ as it is gen- 
eially accepted today, especially m old age, and offers the 
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hope of a bettei solution of some of the many pioblems 
legaldmg piothesic adaptation and the le-education of the 
deaf 

Dr Hirsh Aie theie any questions 01 comments on Di 
Bocca’s papei 9 Di De Sa has a comment 


AUDIOLOGIC FINDINGS IN CENTRAL NERVE 
DEAFNESS 

Geraldo de Sa, 

Umveisity of Recife, Biazil 

Tlie detection of nerve deafness of cential ongm, is the 
latest tiend in audiology The development of electnc audi¬ 
ometry, and mainly of speech tests, bi ought a gieatei intei est 
of the audiologist and the otologist m geneial to the possibility 
of the existence of a complex pathology, undei the uncertain 
diagnostic of nerve deafness Foi the past five yeais litei- 
atuie has been abundant on the subject of deafness caused 
by tumois and tiaumatism, theiefore, gi eater intei est aiose 
with the better knowledge of the possibilities of speech test¬ 
ing Attention is being called to the importance of speech 
discilmmation losses foi the detection of cential neive deaf¬ 
ness since 1953 by Theo E Walsh Also, a bettei study of 
the leciuitment phenomenon permitted the audiologist to 
separate cases of coehleai and post-cochleai nerve deafness 

Peiceptive aphasia was studied foi a long time by the 
neuiologist, and only lecently was developed m the field of 
the otologist It seems to us that the two portions of the 
acoustic nerve, teimmal oigan, and acoustic pathway and 
biam piojectaons, should be studied sepaiately, being con- 
sideied the cochlea as a sound selectoi and the pie-cortical 
and cortical aieas as the fmal analyzeis The audiometry 
with puie sounds would be, evidently, of gieat importance 
foi the diagnosis of diseases of the selective oigan, the oigan 
of Corti, howevei, the identification of the composed sounds, 
and moie especially of the speech sounds, bemg accomplished 
on the pie-cortical oi cortical centeis, would be bettei made 
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with the help of testing measuies that demand moie intensive 
ceiebial implication 

This seems to be today, a geneialized idea foi the audiol¬ 
ogists To test the peiception of a woid, no bettei testing 
matenal could be available than the woid itself For all 
of us dedicated to the speech audiometiy the importance of 
the disci lmmation tests foi diagnosis soon become appaient 
Besides, the use of phonetically balanced woid lists holding 
identical peicentage of sounds of a language, would permit 
testing a patient unable to heai this language well, with 
matenal adequate foi his disability 

In oui country, wheie otoscleiosis affects only 15 pei cent 
of the cases of deafness, the most common symptom bi ought 
by a patient to the otologist is to heai, but not to undeistand 
It seems to be that neive deafness is oui leal toll As a 
mattei of fact m neaily 600 cases of deafness studied m the 
last foui yeais, we found about 40 pei cent of cases of 
so-called “neive deafness” Undei these local cncumstances 
the disci lmmation tests became of gieat importance to us 

We used on oui patients, foi determination of disci lmi- 
nation scoie, phonetically balanced lists, piepaied by oui- 
selves at Cential Institute foi the Deaf, St Louis, Mo, in 
June, 1952 Since the beginning of the woik with the pho¬ 
netically balanced woid lists, in Septembei, 1952, we decided 
to obseive a specific appioach, by legisteung each answei 
of the patient, and not only establishing a curve In this 
way we believed we could, aftei enough expel lence, see which 
sounds weie most commonly lost by the patient in the seveial 
diagnostic groups 

Employing phonetically balanced lists, containing all the 
sounds of the language in identical peicentage, it was easy 
to dismtegiate each monosyllable lost, in its phonetical com¬ 
ponents, and to establish definite medias lefeiung to all the 
phonems of the language This study is piesented today, and 
might lead to intei estmg conclusions On the othei hand a 
caieful conti ol of the impiovement of heaung and disci lmina- 
tion aftei theiapeutical measures could be established 

Based on oui obseivations, we agieed with Di Walsh that 
the cases of otosclerosis showed veiy little disci lmmation loss, 
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while the neive deafness showed a gieatei one, and that a 
ceitam type of deafness showed an extiemely great discrimi¬ 
nation loss In cases of nerve deafness, some show r ed reciuit- 
ment and some did not Those with leciuitment, we named 
cochleai deafness, and on oui charts aie repiesented by five 
cases of hvdiopsy, thiee cases of toxic neuritis, and two cases 
of acoustic tiauma 

Among the cases with no leciuitment, that we named 
retio-cochleai deafness, we charted two cases of skull tiauma, 
two cases of epilepsy with focus on the left temporal lobe 
accoidmg to electioencephalogiaphy findings, one case of 
multiple scleiosis, one case of geneial toxicosis, two cases of 
supposed cortical deafness, and two cases of presbycusis of 
the Schuknecht physiological type 

Among the cases of otosclerosis, ten patients with no signs 
of nerve involvement weie chosen Their media of puie tone 
loss w r as 65 db, and then media of disci lmmation was 84 
per cent Among the 48 phonems m the Portuguese language, 
15 were-heard by all the patients, 1160 phonems were given 
to the ten patients, and onlv 83 were lost, giving a media of 
7 15 per cent of discrimination loss Among the phonems lost 
the F’s came wnth the highest peicentage, 40 per cent, fol¬ 
lowed by the S’s with 35 5 per cent The D’s, the B’s and the 
AN’s followed with a smallei peicentage, and among the lest, 
the losses weie very small 

The cases of lecruitmg nerve-deafness showed a very dif- 
feient aspect Then media of puie tone loss was 40 dbs, 
and then disci lmmation was 70 pei cent Five cases had 
pure tone around 20 to 25 c p s Among the 48 phonems m 
the Portuguese language (as spoken m Biazil) 11 w r ere heaid 
by all the patients Fiom the given 1160 phonems 145 were 
lost, giving a media of 12 5 pei cent of discrimination loss 
The F’s w T eie the phonems lost moie often, 70 pei cent, and 
the S’s gave a peicentage of loss of 63 328 pei cent, the IN’s 
and the B’s followed with 40 pei cent and of the diphthong AI 
50 pei cent was lost Of the D’s 30 pei cent weie lost, and the 
Z’s, UN’s, V’s and T’s follow ed The rest of the phonems 
were m a smallei peicentage It was evident that cases 
of nerve deafness with lecruitment, lose moie consonants, 
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among them, F's, the S's, the D’s, the T's and the B's One 
could detect the diagnosis by the almost complete losses m S’s, 
that weie scaicely heaid at all Those cases showed also 
sloping cuives towaids the high frequency tones from 2000 
c p s up Then bone conduction was pool, but present 

Now we come to the cases that aie mainly the leason 
foi this communication—the nerve deafness cases -without 
lecruitment, that we charted as retro-cochleai deafness 
Then media of pure-tone loss was 45 dbs , and one case had no 
pure tone loss at all Their media of discrimination was 45 
pel cent Among the 48 phonems m the Portuguese language, 
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none escaped being lost by some patients Fiom the given 
1160 phonems, 347 weie not heaid, winch gives a media of 
29 913 pel cent of disci mnnation loss 

On the selection of the phonems lost, we saw a complete 
change from the othei types of deafness The AN’s, that 
until now showed piacticallv no losses, showed 90 pei cent 
loss The F’s piesented 70 pei cent of losses, the IN’s and 
the UN’s showed 60 pei cent, and so did NN, also a nasal 
sound The B’s showed 65 per cent loss, and again the nasal 
sounds ON and the nasal diphthong AO showed 50 pei cent 
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Fig- 3 

loss, while anothei nasal phonem, the EN, showed 45 per cent 
The T’s lost 50 pei cent, and the B’s 65 pei cent, the S’s 47 pel 
cent, the M’s 46 pei cent, and the L, an easy phonem in 
Poituguese, 46 pei cent loss The K’s, V’s, Z’s and G’s all 
showed losses up to 30 pei cent 

It was intei estmg to obseive the disci lmmation of phonems 
lost by othei types of patients, and the appeal ance of 
fantastic answeis, difficult to find in othei types In the 
ten patients, moie than 50 fantastic answeis weie given, 
which laises the peicentage to moie than 10 pei cent Al¬ 
though showing heavy loss, the S’s weie lelatively well heaid 
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compaied with othei types of deafness Mistakes among 
consonants veie very common The most fiequent weie 
F 01 S and T, T for D and D for T, P foi T, and D and F foi 
S Among the cases, we have charted two skull traumas with¬ 
out any othei disablement than dizziness and deafness Case 
No 2986 does not lespond to any calouc excitement m eithei 
eai, the two cases of epilepsy showed abnormal enceplialogi am 
with focus of slow activity in the left tempoi al ai ea with shai p 
and spikv waves on the left antenoi tempoi al zone Case No 
2892 showed, m the Cawthome-Hallpike test, dnectional pie- 
pondeiance foi the left Examined thoioughly by the neuiol- 
ogist, Di M C Banos, no othei neivous symptom was 
found It would be intei estmg to note that another patient 
with focal epilepsy on the right side showed no loss of dis¬ 
ci immation worthwhile, puie-tone media aiound 40 dbs and 
disci immation scoie 90 pei cent 

One case of multiple scleiosis had a lineal, flat curve aiound 
55 dbs, no bone conduction, and a very pool disci immation 
It has been followed now for six yeais and heais nothing at 
all foi the last two yeais Regaiding the geneial toxicosis, 
one patient has foi a long time taken alcoholic dunks to ex¬ 
cess and has a great diffeience between the left and light 
eais with very bad disci immation m both Hearing m one 
eai is today almost lost, and the othei almost as bad, as he 
continues the same habit 

Othei cases of supposed cortical deafness lefer to a patient 
with almost noimal pui e-tone level, and great disci immation 
loss, and anothei with gieat loss of disci immation and puie 
tones, that lecuired with clinical tieatment to a 90 pei cent 
discnmmation scoie, this patient being long undeifed because 
of leligious motives The two cases of piesbycusis showed 
no leciuitment and no history of toxidity and could be put 
in the class of geneial senile breakdown 

We could not find m any examination signals that could 
be lefened to lesions on the pathway between the cochlea 
and the cortex, but we aie convinced that patients with flat 
puie tone thieshold, gieat disci immation loss, mainly of nasal 
sounds, many consonant mistakes, fiequent senseless answeis, 
no leciuitment, bone conduction veiy low or absent, have 
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letio-cochlear deafness and if all these signals are backed by 
the existence of directional piepondeiance 01 electioencepha- 
Iogiaphic findings, cortical deafness could be suspected 

SUMMARY 

The authoi piesents seveial cases of central deafness, some 
of them confirmed electio-encephalogiaphically, and studies 
then audiological findings 

a Tono-audiogiams aie piesented foi each case, emphasis 
being placed on the lmeai aspect of the cuives 

b Portuguese speech tests performed, showed some errois 
that became chaiactenstic, theiefore the authoi states the 
need of speech tests (logo-audiometry) being made specif¬ 
ically, and not only numerically, u, each woid must be 
legisteied by the exammei as lepeated by the patient, so as 
to permit further obseivation of the lesults obtained with 
tieatment, as well as to identify certain hearing losses The 
following observations weie made 

Fust, Nasal sounds are normally lost in central deafness 
(An, En, In, On, Un) 

Second, The S’s aie well peiceived while they aie the fust 
to be lost m the cases of cochleai deafness 

Thud, There is gieat lecurience of mistakes of certain 
consonants as T f 01 D, D for T, F f 01 P, P f 01 T, (pei- 
centual is given) 

Fourth, Frequently fantastic answers are obtained 

c As a clinical aid to the diagnostic, the Cawthome-Hall- 
pike test will show dnectional pieponderance m some cortical 
deafnesses 

d The authoi fails to find a differential diagnosis in the 
cases of deafness by envolvement of structures between the 
cochlea and the cortex, but assumes that patients with linear 
tono-audiograms, no leciuitment, no dnectional pieponder¬ 
ance and negative encephalographic chart, will m most cases 
have lesions in the tubeiculum quadrigemmus mfenoi 01 in 
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the medical geniculate body 01 m the nuclei of the acoustic 
pathway 

Dr. Hirsh Thank vou, Di Sa Any other questions or 
comments ’ 

Unidentified Doctor Excuse my veiy bad Enghsh, but I 
was impressed by what Dr Sa said, because we made the same 
m\ estigation, and in Spanish words, to ha\e in the coi re¬ 
sponding language different quality deep tones 

Dr Greiner When you have a very stiong amplification 
your distortion becomes gieatei than when you have a middle 
amplification When you have a peripheial oi cochleai dis¬ 
tortion this remains the same on every level of intensity 
When you have a cortical lesion your distortion first dimin¬ 
ishes and then, when the distortion goes up, you have a gieater 
disci lmmation 

Dr. Hirsh Tomonou you will heai the physiologists tell 
us about the cortex, and how they will mterpiet some of the 
clinical lesults of today 


PENDULUMS, TRAVELING WAVES, 
AND THE COCHLEA 

Introduction and Script for a Motion Picture * 

G v BekFsy, 

Harvard University, 

Cambridge, Massachusetts 


i introduction 


The puipose of this film is to make us familial with the 
pioperties of traveling waves which seem to play a lole m 
hearing Only tiansveise waves aie described, since the 
movements of the basilar membrane seem to be of this sort 
The vibiation amplitudes on the human basilai membiane, 


•Tills film originally scheduled as a portion of the session on the 
Physiology of Searing- was shown Tuesday evening May 14 In the clinics 
and laboratories of the Central Institute for the Deaf, St Louis Missouri. 
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dunng stimulation with even a very stiong sound, are so 
small that it would be veiy difficult and expensive to photo¬ 
graph them Foi this reason the tiavehng waves aie demon¬ 
strated on models These models have the gieat advantage 
that they peimit us to investigate seveial diffeient phenomena 
as a function of a number of vanables 

In the beginning of the film it is demonstiated that, even 
with an oscillating system made up of only two coupled 
pendulums, the energy of one pendulum does not stay at¬ 
tached to the pendulum in motion, but through coupling, is 
transmitted to the second pendulum Natuially, if theie aie 
seveial pendulums coupled together, the eneigy flows through 
one pendulum to its neighboi, and m this way a tiavehng 
wave is foimed In geneial, the same holds for membranes 
01 foi any system of this type 

Piopagation, leflection and standing waves are illustrated, 
and it is demonstiated that even with a set of coupled leson- 
ators, such as those described m the resonance theory of 
Helmholtz, tiansients always pioduce tiavehng waves 

The film closes with an enlaiged model of the cochlea On 
the model the nerve supply is lepiesented by the sensory 
nerves of the human skin It is the skm which picks up the 
tiavehng waves along a plastic membiane The vibiations 
felt aie similai to those on the basilar membiane of the 
human ear, and they pioduce a sensation which is very 
shaiply localized along the membiane even though the maxi¬ 
mum of the vibration amplitude distubution is quite flat 
Changing the stimulating fiequency makes the sensation 
move up and down on the skm of the arm, thus permitting 
fiequency analysis by place determination 

H SCRIPT 

This film lllustiates the principles basic to the complicated 
vibiation pattern of the inner eai 

Pait I shows the pioduction, piopagation, and reflection 
of waves m a system of coupled pendulums 

Part II shows tiavehng waves similai to those obseived 
m the mnei eai 
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Part III shows an enlarged dimensional model of the 
vibiatmg parts of the cochlea 

Pent I—System of Coupled Pendulums 

The pendulum system consists of a senes of gieen balls B, 
each suspended from the supporting lod A by a thiead (see 
Fig 1) Adjacent pendulums are coupled bV small orange 
balls attached between them When the laige duving pendu¬ 
lum is coupled to the supporting lod, it sets the whole senes 
m motion simultaneously, when it is coupled to the senes 
only (by an orange ball) it sets the first pendulum m motion 

In a system of two coupled pendulums, when one is set in 
motion it tiansfers its eneigv to the othei, -which m turn 
returns the eneigy to the first 

As the coupling is mci eased, by lowenng the couplei, the 
amplitudes of the coupler become largei, and the energy 
tiansmission is, therefoie, mci eased 

When there are foui pendulums, the eneigy travels a 
gi eater distance from the point of ongm 

In a long series of pendulums the coupling transports 
eneigy away fiom the souice and forms a traveling wave 

The formation of tiavehng naves undei special conditions 

In the inner eai the dnvmg foices act on laige sections of 
the vibiatmg system This distribution of forces can be 
simulated m the pendulum system by setting the dnvmg lod 
m oscillation When all the pendulums aie of the same 
length and all are driven simultaneously, they swing m phase 
and no waves are produced The height of the coupling balls 
is immaterial 

If the driving foices act on only half of the pendulum 
senes, traveling waves develop m the center and spread m 
both dnections When the distribution of foices is constant 
a discontinuity m the lengths of the pendulums will also 
cause waves to spread m both directions fiom the discontin 
mty, howevei, when the dnvmg fiequency is lowei than 
the resonant frequency of the pendulums, no waves aie 
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foimed, even though the foice acts on only one end of the 
senes 

Piopagation of Waves 

When an oscillation is suddenly transmitted to one end 
of the coupled pendulum senes, tiavehng waves of varying 
speed aie pioduced The high fiequency components of 
the tiansients pioduce shoit waves, and these waves tiavel 
fastei than the long vaves This is called dispeision In a 
dispei sive system, two types of velocity can be seen, phase 
velocity and gioup velocity 

Phase Velocity—the maximum of the small sinusoidal 
vaves moves quickly fiom light to left and disappeais at the 
fiont edge of the gioup (see Fig 2) 



Gioup Velocity—the whole gioup of sinusoidal waves 
moves into the legion of the undistiubed pendulums at a 
much lowei velocity With smallei coupling the diffeience 
between gioup and phase velocity is even moie pionounced 

When the oscillation is continuous, however, only the phase 
velocity can be observed In oidei for us to see gioup veloc¬ 
ity, tiansients aie necessary The wave length foi a given 
frequency depends upon the amount of coupling When the 
coupling is laige, the waves aie long When the coupling 
is small (the oiange balls lngh) the wave length is small 

Reflection 

Whenevei a tiavehng wave leaches a discontinuity, total 
01 partial leflection occurs and standing waves may appear 
Standing waves aie chaiactenzed by nodes and loops m 
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fixed positions Usually the movements of adjacent loops 
aie out of phase (see Fig 3) 

In the picture an electio-magnet holds one of the central 
pendulums m a fixed position, and standing waves occui 
between the stationaiy pendulum and the driving souice 
The moment the pendulum is leleased traveling waves occui 
and move along the whole system A local discontinuity in 
a tiavelmg wave pioduces standing waves as a consequence 
of reflection 

Part II—Two systems 'illustrating traveling waves similar to 
those observed in the inner ear 

A system of pendulums can simulate the vibiation pattern 
observed m the cochlea of a living guinea pig 01 m a piepara- 



tion of human tempoi al bone When the lengths of the pendu¬ 
lums deci ease continuously f 1 ora! one end to the othei, what we 
observe is traveling waves moving m the dnection of the 
longei pendulums Foi the past 100 years Helmholtz's theory 
has dominated the field of healing 

Helmholtz Theor-y 

Loid Kelvin photogiaphed Helmholtz m his laboiatoiy in 
1894—the age of keiosene, gaslight, and basic reseaich Ac¬ 
cording to the lesonance theoiy, there aie fiee lesonatois 
m the mnei eai, each of which lesonates at a diffeient fre¬ 
quency Without coupling, the pendulum senes becomes a 
system of fiee lesonatois The short pendulums at the fai 
end aie fast moving, the long ones at the front aie slow 
moving 

Traditionally, it has been assumed that tiavelmg waves 
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do not occui m a system of fiee resonatois, but when the 
whole support of the pendulums is set in oscillation at a high 
fiequency, a tiavelmg wave develops at the onset of the 
oscillation Its maximum amplitude is m the region of the 
shoiter pendulums As the driving fiequency is loweied the 
maximum moves towaid the longei pendulums 

Transients aie impoitant m the lecogmtion of speech and 
music For tiansients there is almost no difference between 
the lesonance and traveling wave theones of healing 


r 

\ 


DRIVING ROD 


ROD 



Fip 4 


Reed System 

In the follow mg pictuies, the same phenomena aie illus¬ 
trated with a series of leeds attached to a suppoitmg base 
which can be set m vibiation by a dnvmg lod The leeds 
aie tuned at equal mteivals and then lesonant frequencies 
aie within the lange of heaiing The reeds in fiont aie 
stiff and lesonate at highei fiequencies, those m back at 
lowei fiequencies (see Fig 4) 

Applvmg a sinusoidal vibiation to the support sets the 
leeds m motion Reeds that lesonate at fiequencies close to 
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the duvmg fiequency vibiate at the laigest amplitudes As 
the dimng fiequency is loweied, the legion of maximum 
vibiation slnfts towaid the low-fiequency leeds 

The leeds shown vibiate 60 times pei second, and only 
a blui could be seen, but when the pictuies aie piojected 
100 times slowei, the movements of each leed can be followed 
The white line made by the tips of the leeds descubes a 
vibiation pattern chaiactenstic of fiee lesonatois 

The leeds below the lesonance point—the point of maxi¬ 
mum vibiation—aie vibiatmg 180 degiees out of phase with 
the leeds above the lesonance pomt (see Fig 5) 


RESONANCE POINT 



In spite of the assumption that tiavehng waves do not 
oecui m a system of fiee lesonatois, they can be seen form¬ 
ing dui mg the onset and teirmnation of a pei iodic duvmg 
foice The resonance theory of hearing assumes the vibia¬ 
tion pattern you have just seen, that is, lesonatmg elements 
vibiatmg freely 

In the basilai membiane, howevei, each element is coupled 
to its neighboi This coupling is simulated heie by inserting 
a lubbei band along the leeds With the leeds thus coupled, 
displacement of one leed moves its neighbor 
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Because the dnving lod is atached to the supporting 
base, all the leeds aie exposed to the same duvmg force As in 
the coupled pendulum senes, traveling waves aie piesent, 
even for continuous vibrations In oidei to avoid reflections, 
damping has been added m the foim of a piece of sponge 
lubbei At normal speed we would see only the amplitudes 
of the vibiations moving along the low of reeds 

The traveling waves aie similai to the waves pioduced 
in the cochlea of an anesthetized guinea pig or in a prepara¬ 
tion of the human cochlea, but m the cochlea theie is bettei 
dampmg 

In an elastically coupled leed system, a traveling wave does 
not lose eneigy as it tiavels When the wave strikes an 
obstacle, such as the end of the leed system, it is leflected, 
and standing waves result The same phenomenon is shown 
at noimal speed and m slow motion The adjoining parts of 
the basilai membiane aie coupled m part by the fluid sui- 
lounding the membiane 

If we lemove the lubbei band fiom the leed system and 
immeise the leeds partially in watei, the resulting frictional 
coupling pioduces traveling waves similai to those produced 
with elastic couplmg The next pictuie shows the combined 
effects of both types of coupling As the frequency is loweied 
continuously, the point of maximum amplitude moves m the 
dnection of the low-frequency leeds 

Paradoxical Waves 

The lowei part of the next pictuie shows the wiling dia¬ 
gram of a low-pass filtei, the uppei part lepiesents the 
voltage across each section The waves move fiom left to 
light, but with a high-pass filtei the waves move from light 
to left, that is, towaid the souice of the energy Waves 
traveling toward the souice aie common m electrical net- 
woiks but aie laiely seen in natuie Expeiiments show that 
they can occui m the cochlea 

We can duplicate these paiadoxical waves m the leed 
system by exerting a driving force on a whole section of 
damped reeds simultaneously When tins is done, the dnving 
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foice can be moved a certain distance along the leeds without 
changing the dti ection of the waves 

Part III—A vwd-el of the cochlea with neive supply 

It is haid to imagine how traveling waves act on the 
sensory neivous system Oui best appioach is through an 
expei iment With dimensional analysis we can make models 
of ships and an planes that simulate all the phenomena of 
full-scale vessels In the same way we can contruct an en- 
laiged model of the cochleai duct that mcoipoiates the me¬ 
chanical data of the human cochlea Seveial such models 
have been constructed, of which the most lecent is m 
Gottingen 

The model used heie consists of a plastic tube with a mem- 
biane that is thickei at one end than at the othei The tube 
is filled with watei and at the thick end contains a vibiatmg 
piston coiiespondmg to the stapes footplate 

Sinusoidal vibrations pioduce traveling waves on the mem¬ 
brane The maximum of the vibration is close to the piston 
(stapes) for highei fiequencies 

When the forearm is placed on the vibiatmg membiane, 
even though the maximum is bioad, the sensation is con- 
centiated m a small region of the skm As the fiequency 
changes the locus of the sensation moves along the aim 

The subject moves a pomtei along his aim to show the 
locus of the sensation foi a given fiequency The sensation 
extends over only 2 01 3 cm, as is shown by the small os¬ 
cillating movements 

Prepaiations of the cochlea show that theie is in the inner 
ear a vibiation pattern with a broad maximum whose locus 
changes with fiequency, and expeiiments indicate that the 
nervous system shaipens this maximum 

At the low frequencies the nervous system can perform a 
frequency analysis by responding dnectly to the frequency of 
the vibration, but at the middle and highei fiequencies only 
the locus of the maximum determines the pitch 

The impiessive factor of this neuro-mechanical model is 
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that it can peifoim a frequency analysis much moie quickly 
than can any known electucal filtei system 

The locus of the sensation on the skin is detei mined with 
equal accuracy whethei the frequency is presented foi a 
second, 01 for as little as 2 cycles—which m this expel iment 
is 0 02 second 

Foi all oui technical skill when neives aie involved, natuie 
is fai ahead of us 
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foice can be moved a certain distance along the leeds without 
changing the direction of the waves 

Part III—A model of the cochlea with neiwe supply 

It is hard to imagine how traveling waves act on the 
sensoiy neivous system Oui best appioach is through an 
expel iment With dimensional analysis we can make models 
of ships and an planes that simulate all the phenomena of 
full-scale vessels In the same way we can conti uct an en- 
laiged model of the cochleai duct that mcoipoiates the me¬ 
chanical data of the human cochlea Seveial such models 
have been constiucted, of which the most lecent is in 
Gottingen 

The model used heie consists of a plastic tube with a mem- 
biane that is thickei at one end than at the othei The tube 
is filled with watei and at the thick end contains a vibiatmg 
piston conesponding to the stapes footplate 

Sinusoidal vibiations pioduce tiavehng waves on the mem¬ 
brane The maximum of the vibration is close to the piston 
(stapes) for highei fiequencies 

When the foiearm is placed on the vibiatmg membiane, 
even though the maximum is bioad, the sensation is con¬ 
centrated m a small region of the skm As the frequency 
changes the locus of the sensation moves along the arm 

The subject moves a pomtei along his arm to show the 
locus of the sensation foi a given fiequency The sensation 
extends over only 2 01 3 cm, as is shown by the small os¬ 
cillating movements 

Prepaiations of the cochlea show that theie is in the innei 
ear a vibration pattern with a broad maximum whose locus 
changes with fiequency, and expenments indicate that the 
neivous system shaipens this maximum 

At the low frequencies the nervous system can perform a 
fiequency analysis by lespondmg directly to the frequency of 
the vibration, but at the middle and highei fiequencies only 
the locus of the maximum determines the pitch 

The impressive factoi of this neuro-mechanical model is 
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cunous, the bettei off is the clinician, and theie is no othei 
aiea of auditory function that has so clearly shown this pic- 
tuie of basic knowledge contributing to successful clinical 
pioceduies than studies of the sound conduction piocess of the 
middle eax 

We see the successful beginning of middle-eai suigery 
back in 1890° with attempts at mobilizing ankylosed stapedes 
Thiough many variations this pioceduie was replaced by the 
fenestiation opeiation, fust tiled in one foim 01 anothei 
aiound 1900," and finally perfected to a single stage, and 
highly successful method, by Lempert some 15 yeais latei s 
Actually it was the success of this operation that mspned 
some concentrated lesearch on the conductive piocesses of the 
eai, and as a lesult of the subsequent understanding of the 
middle-ear mechanics theie has been developed a numbei of 
opeiative procedures foi the reconstruction of chionic middle- 
eai conditions that up to now caused deafness that had to be 
lived with 

Oui purpose heie is to considei the way sound is trans¬ 
mitted thiough the middle eai and the principles of sound 
conduction that aie involved Because of time limitations the 
discussion is confined to two topics, the mechanical operation 
of the middle eai, and the fidelity with which the middle ear 
performs 

Of the peripheral structures the sensory cells of the organ 
of Corti aie the most important To have healing these cells 
must be vibiated, and to survive they must be nounshed Be¬ 
cause of then sensitivity to vibrations they cannot be nour¬ 
ished by any system that contains elements that might pulse 
or pioduce lapid movements thiough turbulent fluid flow, so 
we find these cells suiviving without any dnect blood supply 
but by being immersed in a fluid medium which moves im¬ 
perceptibly, bringing nutnent matenal to the cells and cairy- 
mg away waste pioducts Hearing lesults when the desued 
vibiations aie introduced into this fluid medium and are 
effectively transmitted to the cells 

By placing a needle electrode m the vicinity of the cochlea 
and recording the potentials that anse from vibiations of the 



WEDNESDAY MORNING SESSION, 


May 15, 1957 


PHYSIOLOGY OF HEARING 

The International Confeience on Audiology leconvened at 
9 30 A M, m the Auditonum of the Washington University 
School of Medicine, St Louis, Missoun, Di Harvey Fletcher, 
Dnectoi of Research, Bugham Young University, Provo, 
Utah, piesiding as Chan man 

Dr Fletcher We are to discuss today how the eai works, 
and the physiology of heaung The tiansmission of sound to 
the eai, thiough the middle eai, and into the cochlea, has 
been divided into two paits fust, that part concerned with 
the piocess of sound conduction thiough the middle ear, 
second, tiansmission m the cochlea 


PROCESS OF SOUND CONDUCTION * 

Merle Lawrence, 

Univeisity of Michigan, 

. Ann Aiboi, Mich 

Many of us involved in the field of hearing do leseaich out 
of curiosity We would like to know how the ear woiks The 
clinical otologist, on the othei hand, is intei ested in how the 
ear works because he would like to know what to do when 
infection or tiauma mteifeie with normal function Specifi¬ 
cally, he would like to know what certain steps that he might 
take would improve the performance of this disarranged 
mechanism, so the more basic knowledge revealed by the 

•From the Physiological Acoustics Laboratory University of Michigan 
Ann Arbor Mich Preparation of this report was supported by the Re¬ 
search and Development Division Office of The Surgeon General Depart¬ 
ment of the Army under contract No DA-49-007-MD-634 and by the funds 
for Research In Human Resources University of Michigan 
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Fig 1 A comparison of o\al-wlndow and round-window pathw*a>s after 
the middle ear has been removed The ordinate shows the sound pressure 
necessarj to produce 10 mIcro\olts of response at the indicated frequencies 
1 dyne/cm 3 Is equivalent to 74 db abo\ e 0002 d> ne/cm' From Reference 
10 


1 2 345681 2 3 4 5 6 8 1 



FIff 2 The effect of blocking - the round window upon the response to 
sound delivered \Ia the o'sal window From Reference 10 


bubble one million times this size, about one-thiid of a cubic 
millimetei, would allow almost complete freedom of the fluid 
movements 

Fig 2 piesents the lesult of such an experiment The 
effects of two degiees of blocking aie graphed to show some¬ 
thing of the range of effects that can be obtained The decre- 
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sensory cells, it is possible to obtain a measuie of the efficiency 
of vibiations mtioduced into the mnei-eai fluids Since theie 
is no threshold or level of sound at which the potentials sud¬ 
denly appeal, it is necessary to use some constant voltage 
output m response to sounds of different frequencies as a 
measuie of the eai’s sensitivity By lecoidmg the sound 
piessuie necessaiy to pioduce this pie-established level of 
lesponse at the vanous frequencies m the normal eai, and 
compaimg this with the responses undei expenmentally al- 
teied conditions, it is possible to obtain a quantitative measuie 
of the effects of the abnoimal conditions 

Foi the pui poses of simplifying the analysis of middle-eai 
function let us staid; with the condition m which there is no 
middle eai, the mnei eai being bounded on the lateial side 
by the oval and lound windows Oui fust concern is whethei 
one of these an-conduction loutes is moie efficient than the 
othei 

Sound is fust conducted by means of a small piobe tube to 
the oval window and the sound piessuie necessary to pioduce 
oui pie-established lesponse level measuied by means of a 
calibrated piobe-miciophone system The sound is then con¬ 
ducted to the lound window and these measuiements repeated 
Fig 1 shows the lesult of such an expeiiment As is to be 
expected, considerably moie sound piessuie is needed to pio¬ 
duce the lequned lesponse when the middle eai is lemoved 
than when it is piesent, but it makes very little difference foi 
effective vibiation of the mnei eai whethei the sound is 
mtioduced into the oval window 01 the lound window 

Because the two windows lie at opposite ends of a fluid 
system, it has long been suggested that a back and forth 
movement of this fluid column is essential foi sensoiy-cell 
stimulation This can be determined by cailying the above 
expeiiment a step farthei While the sound is being intro¬ 
duced into the oval window the lound window can be blocked 
This is a rathei difficult thing to do effectively because the 
actual volume displacement of the fluids of the mnei eai is 
so minute It amounts to the volume of a sphere with the 
diametei of a led blood cell when the eai is stimulated by a 
sound of 1000 c p s at 74 db above 0002 dynes/cm 2 An ail 
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piessuie phase and pulling it out dui mg the negative pies- 
sure phase If both windows are being pushed in at the same 
time the situation would be the same as blocking one of the 
windows, because no lelief opening is available for eithei 
souice of sound This condition is portraved schematically m 
Fig 4 It can be seen that m such a phase lelationship no 
movement of the basilai membrane with subsequent sensory¬ 
cell stimulation is possible This is equally true of the phase 





Fig- 4 Schematic representation of sound entering both al and round 
windows at the same time The phase condition represented here Is such 
that there would be complete cancellation of response The sounds are In 
phase at the two windows and of equal intensity From Reference 11 


i elation when both windows are being pulled out at the same 
time, howevei, when one window is pushed m by a positive 
sound piessuie and the other window is pulled out by a nega¬ 
tive piessure bi ought about by delaying the sound by one- 
half a wave length, the effectiveness of the relief openmg is 
enhanced By such a situation the amplitude of vibiation of 
the basilai membiane should be double that produced by sound 
m one window alone 

Again, by recoidmg the electrical lesponses of the cochlea 
it is possible to obtain a quantitative measure of the above. 
Sound from one electronic oscillator is used with the output 
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ment is greatest foi the low frequencies, and is m excess of 
20 db foi those below 1000 c p s It is necessary to dry the 
surfaces and pack the niche completely with wax in oidei to 
pioduce the results shown It is appaient that the oval 
window pathway is effective only *as long as the round win¬ 
dow is fiee at the othei end of the system 

We find also that the oval window must be free to make 
the lound window pathway effective Because of the piesence 
of the footplate of the stapes it is easiei to block the oval 
window than the lound window, and by embedding the stapes 
m wax the lesults of Fig 3 aie pioduced Now the effects 



Fig 3 The effect of blocking' the oval inclow upon the response to 
sound deli\ ered "s ia the round window Prom Reference 10 


aie most seveie in the lange immediately above 1000 cps, 
indicating that the method of blocking the two windows has 
changed the frequency lesponse pioperties in different ways, 
but the pnnciple is still demonstiated that in order foi vibia- 
tions enteung by one window to be fully effective in stimu¬ 
lating the sensory elements, the othei window must be fiee 
to act as a 1 elief opening at the other end of the system This 
was a theoiy first expressed by Edwaid Weber 8 moie than a 
century ago 

This pnnciple can be studied moie quantitatively if we in¬ 
ti oduce sound into both windows at the same time Such a 
situation would exist in an individual with no tympanic mem¬ 
brane 01 ossicles, so that both windows weie exposed to the 
same sound field Visualize the alternating positive and 
negative sound piessuie of a sound wave leaching one of the 
windows as pushing the membiane m during the positive 
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the cochleai 1 esponse as the phase of the sound m one window 
is shifted with lespect to the phase of the sound in the opposite 
window The sound is fust directed into one window alone 
and set at a sound piessuie sufficient to give rise to a i esponse 
of 10 miciovolts This tone is then shut off and that dnected 
toward the opposite window set to give a 10 miciovolt le- 
sponse Foi the leadings shown in the figuie the tones aie 
mtioduced into the two windows simultaneously The le- 
sponse shows what is to be expected fiom the vectoiial sum 
of two sine waves of equal intensity when one is vaned m 
phase As expected, m a phase lelationship wheie one win¬ 
dow is pushed in while the othei is pulled out the l esponse is 
double what sound m one window alone would give, and 
when they aie 180 degiees fiom this condition, that is, both 
windows being pushed in or pulled out simultaneously, the 
i esponse is completely cancelled The interesting thing to 
note is that as the phase vanes thiough the complete 360 
degrees, the two-window i esponse is as good oi bettei than 
that fiom one window alone ovei a phase diffeience of 240 
degiees, while the two-window i esponse is woise ovei only 
120 degiees It is not likely that the sound, undei conditions 
wheie both windows aie exposed, hits them m the exact phase 
lelation foi cancellation In the fust place the windows aie 
not m exactly the same plane, consideied fiom the point of 
view of the sound-wave fiont, and secondly, one window 
contains a stapes oi footplate and the othei a membiane 
These mtioduce phase differences, as will be shown shoitly, 
and it does not take much of a phase shift to bung the re¬ 
sponse up to a level of that given by stimulation thiough one 
window alone If the two windows were exactly alike they 
would have to be sepaiated by a distance of about seven inches 
foi a fiequency of 1000 c p s In the scheme behind oui 
phylogenetic development this appaiently was consideied 
impractical 

Anothei factoi influencing tins two-window summation is 
the intensity of the tones mtioduced Complete cancellation 
depends upon equal intensities, so tins unwanted condition 
can also be avoided by the introduction of a more intense 
sound in one window than the othei To accomplish this 
advantage has been taken of a fact winch make a fluid-filled 
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Fig - 6 Vectorial summation In the cochlear response to a tone 
duced simultaneously by way of the oval and round windows The phase 
relation of the two pathways was varied over a range of 360 as show n 
on the abcissa The points represent observations and the curve repre¬ 
sents theoretical summation From Reference 10 

passed thiough a dividing network Into one channel a phase 
changei is mtioduced and the two sources separately led, by 
means of small tubes, to each window The sound level is 
again lecoided by a cahbiated piobe-miciophone system, and 
the recoided electrical potentials serve as a measure of the 
effectiveness of the stimulus Fig 5 shows the magnitude of 
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because of the lesonant pioperties of the middle-eai struc- 
tuies, but the aveiage is approximately 28 db, which is close 
to the theoietical loss of 30 db It means that, considering the 
eilois which can be attubuted to the natuie of the expeliment, 
the middle ear of the cat is almost perfectly efficient 

Since the time of Helmholtz much leseaich and thought 
have gone into the problem of how the middle-eai stiuctuies 
accomplish this match Of the theones of action that have 
been proposed, two have been shown experimentally to con¬ 
tribute to the impedance matching piocess 

The fust of these depends upon the aieal latvo between the 
tympanic membiane and the footplate of the stapes In man 
the aveiage of the available data shows this ratio to be about 
21 to 1 Considering the fact that the tympanic membiane 
is not like a piston, but lather like a stretched membiane 
attached around the edge, the effective aiea of the membrane 
must be l educed by about one-thnd, making the latio 14 to 1 

Tire second chaiactenstic of the middle ear that aids m the 
matching piocess is the level latio brought about by the 
peculiai anangement of the ossiculai chain Measurements 
of this m the human aie few and probably not very accurate 
Dahmann 3 made what aie piobably the most reliable meas¬ 
ures, by placing small minors on the dium membianes and 
then on the long process of the incus The ratio so detei mined 
\\ as found to be small about 1 3 to 1 

The product of the aieal latio and the lever latio give us 
the transformer ratio of the entile middle eai, which then 
amounts to approximately 18 to 1 This pressure mciease at 
the footplate of the stapes is equivalent to 25 db, which is 
not enough to overcome completely the theoretical loss of 30 
db , but these figures should not be taken too seriously because 
of the limitations m both the experimental data and theoietical 
calculations In calculating the theoietical 30 db loss m the 
passage of sound fiom an to the fluids of the inner ear, data 
for boundless media were used, wheieas the air of the middle- 
eai canty oi fluids of the inner-ear space are fai from 
boundless On the other hand, data used to detei mine the 
areal ratio are limited, and the data of the level latio may 
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eai quite unpiactical in an air envn eminent, as was the case 
some 250 million yeais ago, when the piedecessois to the 
amphibians fust found themselves on land 

Because of the extreme differences in the pioperties of 
elasticity and density between air and liquid, appioximately 
99 9 pei cent of the acoustic eneigy is reflected back at an air- 
water interface This means that there is a loss of 30 db in 
transmitting the vibiatory energy from the air to the inner- 
ear fluids By the use in one window only of a mechanism 
that matches these pioperties of an and watei, it is possible 
to overcome both of the disadvantages of the two-window 



fluid system 1 the cancelling effect of equal-intensity, m- 
phase sound entering by the two windows is overcome by 
increasing the intensity m one window by 30 db over that in 
the other, 2 the loss in transmitted energy due to the an- 
liquid inteiface is overcome by matching the pioperties of air 
to those of the densei liquid, and this apparently is just what 
the middle ear does 

To see whethei the middle eai is actually pei forming this 
function, and if so, how efficiently it is accomplishing the 
impedance match, we can again resort to an animal experi¬ 
ment, recoidmg the electiical responses of the cochlea undei 
conditions m which the eai is normal and those m which the 
middle ear is removed Fig 6 represents the loss, m the cat 
ear, lesultmg from lemoval of the middle eai structures up 
to the stapes The loss is not the same for all fiequencies, 
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structures by a tone of the same frequency, but adjustable m 
intensity, applied thiough the round window A determina¬ 
tion of the current m the cancelling receivei gave a measure 
of the volume displacement He then repeated the balancing 
process aftei removing all of the middle-eai structures, in¬ 
cluding the stapes and lound window, by conducting the 
sound directly to the fluids of the innei eai through the oval 
and round window openings These results showed consider¬ 
ably larger volume displacements at low fiequencies than 
before, but their magnitude showed a progressive decrease as 
the frequency was laised until, at the highei fiequencies, 
they became smaller than in the intact ear 

Fletcher 4 divided the fust set of values by the correspond¬ 
ing ones m the second set, and legarded the quotient as repie- 
sentmg the transformer ratio of the middle ear The calcula¬ 
tions, which he intei preted as demonstiatmg a middle-eai 
piessuie 1 eduction foi frequencies below 650 cps, are pre¬ 
sented as curve a of Fig 8 He saw advantages in this sort 
of action in that the system would discriminate against dis¬ 
turbing low fiequencies, and on the basis of this it has been 
suggested that the middle ear does not at all act like an 
impedance-matching tiansformer, however, in this same 
senes of experiments, Bekesy made some othei measurements 
that moie accuiately reflect the action of the middle ear In 
this instance the second measurements were made with the 
drum membiane and outer ossicles removed but with the 
stapes left in the oval window and with the round window 
membrane intact 

When the values of volume displacement for the intact 
ear are divided by those foi the above conditions we have a 
curve, b m Fig 8, that is m better accord with the eaihei 
results and testifies to a useful tiansformer action of the 
middle eai foi all frequencies 

It is obvious from these determinations, and those showing 
the contribution of the middle ear to sensitivity, that the ad¬ 
vantages are not the same for all frequencies The middle eai 
is not a tiuly high-fidelity device, but it does remarkably 
well Three forms of distortion, found m all forced-to- 
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not be veiy accuiate because of the difficulty of deteimining 
accuiately fiom an optical level the excuision of a vibration 
when the axis of lotation of the mmois is not known, nevei- 
theless, the figuies aie close enough to indicate that the 
punciples descubed aie the light ones 

Measuiements of the tiansfoimei iatio, which have been 
made on human cadaver matenal, show that these figuies 
aie fanly accuiate Bekesy 1 diained out the fluid of the mnei 
eai, dissected away the cochlea, and then applied sound to 
the mnei suiface of the stapedial footplate This he adjusted 
m intensity and phase so as to cancel the effects of anothei 



Fig- 7 The transformer ratio of the human (cadaver) ear according to 
Bekesj 1 From Reference 10 


sound of the same fiequency mtioduced at the dium mem- 
biane A capacitative piobe neai the suiface of the stapes 
showed when cancellation was complete Fiom these he 
obtained a tiansformei iatio of 10 at 100 c p s, using to 18 
at 2200 c p s and then lapidly falling This is shown in Fig 
7 Now the level iatio and aieal iatio of the middle eai will 
not change with fiequency, so the vanations m the tians¬ 
foimei iatio can piobably be attubuted to the influence of 
the mheient lesponse pioperties of the ossiculai chain 

At this point we must mention some othei intei pi etations 
made on the basis of anothei expenment leported by Bekesy 
m 1942 2 In this instance he measuied, also on cadavei speci¬ 
mens, the volume displacement of the lound window foi a 
numbei of conditions In the fust of these he cancelled out 
a tone applied to the mnei eai thiough the intact middle-eai 
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Fig 9 shows the phase shift mtioduced foi fiequencies fiom 
100 to 10000 cps by the entile middle eai Positive values 
indicate a phase lag mtioduced by the ossiculai chain The 
amount of phase variation is quite modeiate foi fiequencies 
below 5000 cps, and then glows gieatei and more vanable 
foi the highei fiequencies Actually these phase changes 
lemam constant at the diffeient frequencies and so, of couise, 
make no noticeable diffeience to hearing Smce the sound 



being tiansmitted by this loute to the oval window is moie 
intense by about 30 db than that leaching the round window, 
anv mnei-eai effects due to the phase difference aie neg¬ 
ligible When the middle ear is lemoved, howevei, so that 
this advantage is lost, any phase shift m one window relative 
to the othei makes a gieat deal of diffeience, as was described 
earlier 

Measuiements made of phase changes attributed to action 
of the stapes aie shown m Fig 10 These vaiiations aie 
small, never exceeding 15 degiees below 5000 cps, but as 
shown m Fig 5 it takes very little shift fiom the cancellation 
point to impiove the situation This demonstiation of the 
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vibiate devices, that have been extensively studied m the 
middle-eai response to acoustic vibiations aie fiequency, 
phase and non-lmeai 01 amplitude distortion 

The fust of these, fiequency distortion, is lllustiated m 
Fig 6 This cuive lepiesents the fiequency lesponse foi the 
middle eai of the cat Like any othei device, when foiced 
to vibiate, it exerts its own resonance properties into the 
vibiation and so alters the fiequency chaiactenstics In 
the human eai this middle-eai fiequency distortion is le- 



Fig 8 The pressure amplification afforded b> the middle-ear mechan¬ 
ism as derived from the observations of BekeSA Cur\e a slices the re¬ 
sults of Fletchers computations and cun e b those of AVe'ver and ** 
rence 10 

rf 

fleeted, along with many othei healing phenomena, in the 
sensitivity curve 

Whenevei theie is fiequency distortion due to the chai- 
actenstic mass and stiffness pioperties of the driven stiuc- 
tuie, phase differences are also mtioduced into the vibiatory 
lesponse This means that as the sound at the tympanic 
membiane leaches a positive-pressuie peak oi a negative- 
pi essure peak the ossiculai chain lags behind oi, in fact, may 
appear to precede the movements of the air-bome vibiation 
Thus the chain of middle-ear bones mtioduces phase dis¬ 
tortion, not only by shifting the phase but also by doing it 
differently and in varying amounts ovei the fiequency range 

By employing a stimulating system similar to that descubed 
foi studying the effects of diffeient phase relations at the 
oval and lound windows we can find out how much the 
middle eai shifts the phase foi various stimulating tones 
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Intensity, dynes per sq cm 

Fig 11 The intensity function for the cochlear response recorded from 
the round window of the cat. The limit of linearity denotes the point In 
the response where it Is no longer proportional to changes in the stimulus 
intensltv From Reference 10 

vibiation is transforoied into the lecorded electiical lesponse 
We would like to know then, what structure or piocess bungs 
on this departure fiom lineality and specifically, foi oui 
discussion here, we would like to know whether the conduction 
piocess in the middle eai is lesponsible for this 
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phase chaiacteiistics of the stapes selves to emphasize the 
importance of establishing a favorable phase lelationship 
between the two windows dui mg any reconstiuctive suigeiy 
of the middle eai perfoimed for the puipose of lmpiovmg 
the healing 

The thud type of distortion concerns the ability of the 
stiuctuies to follow mci eases m amplitude of the duvmg 



vibiation A chaiactenstic of the electiical lesponse of the 
cochlea in response to a puie tone is that as the sound ampli¬ 
tude is increased the electrical output mci eases piopoition- 
ally ovei a chaiactenstic lange, and then departs fiom this 
stiaight-hne function until finally it leaches a maximum 
The point at which the response becomes no longer propoi- 
tional to the amplitude mci eases of the stimulating sound is 
called the “limit of Imeanty,” and the point at which theie 
aie no mci eases m lesponse to furthei increases of stimulus 
is called the “maximum,” as shown m Fig 11 The electiical 
lesponse lecoided in this instance leflects not only the tians- 
mission of sound thiough the middle eai and thiough the 
fluids of the mnei eai, but also the process by which this 
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The evidence gatheied ovei the last few veal's has shown 
conclusively that the innei ear is lespomsble foi this eaily 
departuie fiom a linear lesponse One way to study this 
is to lecoid the magnitude of the electrical response as well 
as its wa\ e shape, and compai e this to the wave shape of the 
stimulating sound and that of the sound after it has been 
lelayed by the ossicular chain to the fluids of the innei ear 
and escapes from the round window A compai ison is made 
in Fig 12 The nave shape of the sound coming fiom the 
round window is still undistorted to a level of stimulating 
sound that has bi ought about se\eie wave form distortion 
m the electiical lesponse If distortion had occuned in the 
middle ear tins would have been transmitted through the 
fluids to the lound window 

Another test foi the locus of tins amplitude distortion has 
been made by applying a vibrator, fust to the umbo of the 
malleus then to the head of the stapes, and recording the 
cochleai response m both instances If the middle eai is 
lesponsible for this type of distortion, departure fiom lineal¬ 
ity should occur at a lower lesponse level when the middle 
eai is present than when it is removed Results aie shown 
in Fig 13 The limit of linearity occurs at the same l esponse 
level for both methods of stimulation, indicating that the 
middle eai is not responsible Smce the middle-ear lever, 
which reduces stapes amplitude while increasing piessuie is 
lemoved in one mstance, the lesponse thiough the stapes 
alone is greatei for equal sound piessures than the response 
aftei traversing the ossicular chain 

It is true that if the middle eai is driven hard enough it, 
too, will become non-lmear but not until a level of sound lias 
been reached that would have destroyed the inner eai, and 
nothing seems to affect this ability of the middle ear to le- 
spond linearly over a comsderable range of sound intensities 
The middle ear can be filled with fluid or the stapes anhylosed 
and, although sensitivity is lost, the middle-ear dynamic lange 
is very little affected 

In the process of conducting sound fiom the external meatus 
to the fluids of the innei ear the tvmpamc membrane and 
ossicular chain do not only an amazingly efficient job of 



344 


INTERNATIONAL CONFERENCE ON AUDIOLOGY 



Intensity decibels 


Pig 1 12 The intensity function for the cochlear responses of the cats 
ear with a display of i\ave forms of this response at different levels The 
intensit} scale Is In decibels relative to 1 djne/cm (74 db abo\e 00U* 
dyne/cm ) The points of measurement along the curve are numbered 
and from 6 on each has adjacent to It an oscillogram of the cochlear re¬ 
sponse obtained For these wa\es the amplification of the oscillograph 
was constant up to point 9 and then was reduced and held constant there¬ 
after for points 10 to 26 In two columns below are oscillograms for some 
of the sounds entering the ear at the meatus and also for sounds picked 
up from the round window In recording these sounds the amplification of 
the oscillograph "was constant for each block of pictures but was % aried 
between blocks From Reference 10 
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matching the piopeities of an to those of the dense penlymph 
so as to mtioduce sound with a minimum of loss, but do so 
ovei a wide lange of fiequencies with no amplitude distor¬ 
tion within the range of mnei-eai lesponse and with toleiable 
fiequency and phase distortion 
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DISCUSSION OF DR LAWRENCE’S PAPER ON 
“PROCESS OF SOUND CONDUCTION ” 

HENNING E VON GlERKE * 

The starting- point foi any senous discussion is a point of 
disagreement, of doubt, oi a question maik It would be 
very hard to pick out such a point fiom Di Lawience’s ex¬ 
cellent presentation I think it became quite cleai fiom his 

«^ e ™i^!?! C ^nr^ b ^«e 0 Ohio^ Vrleht Alr De ' el oPUient Center Wright- 



346 


INTERNATIONAL CONFERENCE ON AUDIOLOGY 



Flgr 13 The cochlear response recorded from the round window In re¬ 
sponse to mechanical \ Ibratlon at a frequency of 1000 cps of the stapes 
and the malleus The limit of linearity occurs at the same response 
le\el in both Instances From Reference 10 
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piesentation that om physical undei standing of the conduc¬ 
tion mechanism is fanly good, that we are in the position 
to give aveiage quantitative numbeis to the diffeient com¬ 
ponents of the transmission system, and that m tins part of 
the auditoiy mechanism the various hypotheses have been 
almost completely leplaced by measured facts This does not 
mean that theie is not much room left for very worthy and 
interesting lefmement It simply means that theie are no 
big sui puses waiting to be discovered 

Let me add a few woids to lefme oui pictuie of the physical 
purpose of the middle eai Since the acoustical pioperties of 
human tissue are very close to the acoustical pioperties of 
watei, a very simplified statement of the middle eai’s task 
is that it has to match the impedance of air to the impedance 
of watei (Undei impedance we undei stand the latio of the 
dnvmg sound pressuie to the velocity of the resulting motion, 
a measuie of mobility Depending on the phase between 
piessuie and velocity, the impedance can be a mass reactance, 
an elastic reactance 01 a frictional lesistance, or a combination 
of these thiee elements ) This impedance of watei or tissue 
is a well known constant only if we have undisturbed sound 
piopagation m an almost infinitely laige medium This is 
piactically never the case for sound m tissue and, theiefore, 
the impedances of the middle and mnei eai do not so much 
depend upon the acoustical constants of the tissue as they do 
upon the geometi ical shape and the boundaries of the elements 
involved Foi example, a blocking of the round window 
with an otheiwise completely intact conduction mechanism 
would change the impedance 01 mobility at the oval window 
considerably, and consequently also the impedance at the 
tympanic membiane 

To lllustiate this point, impedance values measuied at 
various locations in the eai and on the body surface aie 
shown m Fig 1 , together with the impedance of an infinite 
watei 01 an medium Curve a, lepiesents the impedance of 
a small cncular aiea (of approximately the same size as the 
tympanic membiane) at the suiface of soft tissue, as meas¬ 
ured ovei soft muscle and skm 0 It is mainly a mass leactance, 
mci easing with fiequency We see that this impedance is 
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\olume of this cavity, we measuie impedances of the geneial 
shape indicated m Fig 1 bv the impedances foi au volumes 
of one and tvo cubic centimeteis Onl> heie m this legion, 
wlieie the middle eai mci eases the tiansfoimed mnei eai 
impedance, the middle eai tiansfomier does not act as an 
“ideal tiansfoimei ” 

This elasticitv of the middle eai cavity, togetliei with the 
elasticity of the tympanic membiane itself aie the leasons 
w hv the impedance measuiements at the tympanic membrane 
ha\ e onli limited value foi diagnostic purposes, not all acous¬ 
tic eneigv lecened by the tvmpamc membiane is conducted 
to the lab\ until On the other hand impedance measuiements 
aie almost the onlv objective examination method available 
to make a real measui ement of the sound conduction mechan¬ 
ism in iuio It is legiettable that so fai tins method has 
nevei been lefmed and mipioied, so that it could be climcallv 
applied to those cases foi which its usefulness has been proven 
m pimciple the diagnosis of conduction impairments 3 

On Fig 2 the absoiption co-efficients lesultmg fiom the 
impedance values of Fig 1 aie shown The absoiption co¬ 
efficient indicates the peicentage of the incident anbome 
sound eneigv that is absoibed bv the tvmpamc membiane 
(Cui\es a b c) and conducted to the innei eai, oi absoibed 
bv soft muscle tissue (foi example uppei arm, Cuive d) oi 
bone (Curve e) Curve f indicates how little eneigv of a plane 
anbome sound -\\a\e is tiansnutted tlnough a boundary be¬ 
tween ail and watei It should be noted heie that m mam- 
cases, as Metz 3 has shown, conduction impairments in persons 
having noimal tvmpamc membianes aie detectable bv a de- 
ciease of the absoiption co-efficient measuied at the tympanic 
membi ane 

The absorption co-efficient shown m Fig 2 foi bonv sti uc- 
tuie, Cune e can haidh be used to calculate the tlneshold of 
bone conduction It gives only the eneigv absorbed bv the 
surface of the foiehead, and does not tell us how much this 
eneigi is attenuated in the bone on its wav to the innei eai 
Most of this eneigv is alieady absoibed in the skm and not 
tiansmitted to the bone itself, theiefoie, whereas the eneigv 
absoibed at the tvmpamc membrane, Curves a, b, c, is, at 
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considerably below the impedance foi plane compiessional 
waves m watei, Cuive b, which is so often cited as the ap- 
pi oximate impedance of tissue to which the middle eai tians- 
foimei has to match the impedance of the an, Cuive c The 
leasons foi the diffeience between Cuives a and b aie not so 
much the diffeiences in the properties of tissue and watei, 
but they aie the boundanes of the medium and the type of 
wave piopagation set up in it Ovei the whole audio-fiequency 
lange we haidly evei find compiession waves in the body 
tissue, we always have sheai waves and surface waves, 
which have diffeient piopagation velocity, absoiption and 
wave length 0 I think this fact cannot be stiessed enough 
in discussing piopagation of sound waves thiough tissue. 
Let us now look at the impedance of the cochleai fluid alone, 
Cuive d, as measuied by von Bekesy % We see this impedance 
is quite similai to the impedance of soft tissue If we add 
to this fluid the elastic membiane of the lound window 
we obseive on the lesultmg impedance, Cuive e, the follow¬ 
ing Foi the lowei fiequencies the elastic component de- 
teimines the impedance,* and this impedance is veiy similai 
to the impedance of othei bony stiuctuies of the body As 
an example, the impedance measuied on the foiehead is 
plotted as Cuive f 1 -, so we see the impedance values of 
the cochlea aie of the same oidei of magnitude as the 
impedance of othei body tissues The impedance meas¬ 
uied at the footplate of the stapes, given by Cuive g, was 
obtained by von Bekesy 5 If we now multiply this impedance 
with the squaie of the piessuie tiansfoimation latio of 
the middle eai, as discussed by Di Lawience, we obtain, 
as the impedance at the tympanic membiane much lowei 
values of the impedance, Cuive h These impedance values, 
calculated fiom measui ements on human cadaveis, agiee 
veiy nicely with the impedance measui ements (Cuives t 
j, L) made in vivo at the tympanic membiane by seveial 
mvestigatois J 6 0 Only at low fiequencies is the impedance 
measuied at the tympanic membiane deteimined by the im¬ 
pedance of the tympanic cavity which exceeds the ti ansfoi med 
impedance of the mnei eai, Curve h Depending upon the 

♦Some of the statements made here about the phases of the impedance 
ie if the^ beha\e like masses or elasticities are not direct conclusions 
from Fig 1 but follow from the original in\ estimations 
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to the mnei eai by bone conduction, is appioximately 50 to 
60 db below the ail conduction thieshold In Fig 3 some 
hearing thieshold measuiements aie shown when the sound 
stimulus was exciting diffeient aieas of the body 7 The data 
aie plotted with lefeience to the an conduction thieshold It 
is lemaikable how l elatively little diffeience one obseives m 
stimulating diffeient aieas of the body This indicates that 
the mam loss occuis at the tiansition surface 



Fig 3 Threshold of hearing for airborne sound received b> different 
areas of the bodt relati\e to the air conduction threshold 


I do not want to go deepei into the pioblem of bone con¬ 
duction here, and I think it was no accident that Di Lawience 
omitted details on it It is actually deploiable how little exact 
physical information we have about the bone conduction 
pathways m the tissue and about the details of how the bone 
conducted sound acts on the cochlea Since it has been shown 
that impedance and skull lesonances, measuied on skull piep- 
aiations, can be lelated reasonably well to m vivo measuie¬ 
ments, such measuiements should be possible with electio- 
acoustic methods and tools 

The physical descuption of the mechanical conduction 
mechanism is not solved until we can descube the stimulus 
deliveied to the electi o-mechamcal tiansduceis Von Bekesy’s 3 
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Fig - 2 Acoustic energy transmission through the tympanic membrane 
and other human body surfaces in per cent of incident sound energy 


least at the highei fiequencies, almost completely transmitted 
to the cochlea, roughly only 1/1000 oi less of the energy ie- 
ceived by the foiehead leaches the mnei eai This explains 
why m a free sound field oui threshold for an borne sound, 
leceived by body areas other than the ears and transmitted 
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which suppoits the oigan of Corti Any hmdiance to the 
passage of sound waves down the external auditoiy meatus, 
acioss the ossiculai chain of the middle eai cleft to the oval 
window, and finally tlnough the labyimthine fluids to the 
basilai membiane, vail cause an impaiiment of healing even 
though the organ of Corti and VUIth nerve aie noimal, 
fuitheimoie, the degiee of deafness is a measuie of the ef¬ 
fectiveness of the block which ma> be such that an borne 
sound waves aie pi evented fiom leaching the oigan of Corti 

A simple plug of ceiumen m the external auditoiy meatus, 
paiticulaily if it hinders the flee excuision of the tympanic 
membiane, deserves pnde of place as the commonest cause 
of conductive deafness An effusion into the tympanic cavity, 
a vacuum within the middle eai space due to Eustachian 
insufficiency, or solid mattei in the shape of adhesions 01 
giowth may also impede the tiansmission of sound, but the 
most effective, and next to ceiumen the most common cause 
of conductive deafness, is found when tlieie is an mterfei ence 
u ith the normal mechanism wheieby sound waves entei and 
leave the labynnth by means of the oval and iound windows 
In the Eighteenth Century Valsalva, Moigagni and Meckel 
all lecogmzed stapes ankylosis as a cause of deafness, and 
late m the Nineteenth Century Politzei gave it the name 
otosclei osis 

Moie lecently it has been appi eciated that any mterfei ence 
with the normal phase lelationslnp between the oval and 
iound windows may affect the tiansmission of sound to the 
mnei eai This may happen if the eai dium is peifoiated 
so that the incoming sound waves fall moie 01 less simul¬ 
taneously on the two window s, thus cancelling each othei out 
The leason why the eailiei opeiations foi the lelief of deaf¬ 
ness due to otosclei osis by means of an opening into the 
lateial semi-cn culai canal weie so laiely lewaided by suc¬ 
cess is that the opeiated aiea v'as closed up so that incoming 
sound waves fell with moie 01 less equal and simultaneous 
piessuie, both on the iound window and on the new window 
m the lateral semi-cn culai canal 

Souidille was the fust to devise an open opeiation so that 
the incoming sound waves iveie fiee to pass thiough the new 
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obseivations, and his measui ements of the mechanical con¬ 
stants of the cochlea, gave us the physical undei standing and 
led to the theones desciibmg the mechanics of the cochlea in 
geneial teims Finei, but also impoitant, details like the 
location and cause of nonhneai distortions and the mechanical 
enei gy finally tiansmitted to the hail cells aie still vexy fax 
f 1 om a solution It looks as though a new tool must be found 
to obtain access to these dimensions, and this tool might well 
be the electucal activity of the mnei eai itself Di Law- 
lence’s discussion of the distortion pioblem and the investiga¬ 
tions we aie looking foiwaid to heaung about fiom Di Davis 
and his co-woikeis, indicate that fuithei undei standing of 
the electucal potentials might give us the tools to make an- 
othei step ahead in measui mg the mechanical conduction 
mechanism 
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SOME CLINICAL FEATURES OF SOUND CONDUCTION 

Terence Cawthorne, 

London, Eng 

The sound conducting part of the auditoiy mechanism ex¬ 
tends from the side of the head to the basdai membiane 
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than to lneversible degeneiative changes m the cochlea 01 
Vlllth nerve 

In support of this view it mav be mentioned that in many 
of these patients with so-called "mixed deafness,” the le- 
sponse to speech, pioviding that it is loud enough, is the same 
as m uncomplicated conductive deafness, whereas we know 
that m most cases of end-oigan 01 nerve deafness the lesponse 
to speech is quite diffeient I do not behe\e that m advanced 
otoscleiosis the oigan of Coiti 01 the cochleai neive aie, be¬ 
cause of certain conventional tests, necessarily at fault The 
acid test m all these advanced cases is whethei thev are able 
to undei stand amplified speech So long as they can do tins 
tlieie is leason to hope that the oigan of Corti will lespond 
to any sounds that are able to leach it 

Now foi anothei aspect of the conduction of sound waves, 
this time within the labyimth I lefei to the Tullio phenom¬ 
enon, which lelies foi its effect upon a vestibular response 
to an acoustic stimulus Tullio ongmally pioduced tins effect 
by making an opening into the lateial semi-cn culai canal of 
pigeons, and then observing that in. lesponse to a loud sound 
theie was a typical vestibulai lesponse of the eyes and the 
head 

Just befoie the Wai, I made an opening into the semi- 
cn culai canal of a patient with Memeie's disease The stapes 
was fiee to move, and the labyrinthine stiuctuies weie intact 
The following short extract of a film taken m 1939 shows 
what happened The small light attached to the eai phone 
lights up when a sound of 80 db is on It will be noticed 
that on the unopeiated side nothing happens when the bulb 
lights up, but on the opeiated side it is followed by a devia¬ 
tion of the eyes and head You may well ask, why does this 
not happen aftei every fenestration opeiation 9 The leason 
is that the stapes is not fiee to move If it weie, and I have 
seen it m patients who weie submitted to a fenestration opeia¬ 
tion foi peiceptive deafness when the stapes was mobile, 
then this distressing effect is seen—distressing because m 
seveial cases I have had to destioy the labyimth m ordei to 
i eh eve the patient of troublesome veitigo 
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window m the lateial canal, while the lound window was 
shielded by the tympanic membiane Sourdille’s multi-stage 
pioceduie was simplified and impioved by Lempert, whose 
fenestiation opeiation has become the standaid surgical pio¬ 
ceduie foi the lelief of deafness due to otos cleiosis Once 
the sound weaves have enteied the labynnth they may be 
hindeied by abnoimal conditions of the fluid tlieiem It has 
been suggested that the vanable low tone deafness m Memeie’s 
disease is due to the increased piessuie of endolymph intei - 
feung with the piopei excuision of the basilai membiane 

One of the problems facing the auial suigeon when an 
otoscleiotic patient piesents himself hopefully as a candidate 
foi fenestration, is to estimate the chances of success Ob¬ 
viously if the oigan of Coiti itself is also defective, no opeia¬ 
tion to enable sound to le-entei the labynnth, no mattei how 
well it is earned out, will help if the oigan of heanng is 
incompetent In consequence suigeons have been chaiy of 
opeiatmg on any patients who exhibit any of the classical 
signs of perceptive deafness 

Now, as the movement of the stapes footplate m the oval 
window m lesponse to sound becomes moie limited as the 
otosclerotic bone spieads, a time must suiely arnve when it 
will move haidly at all, even in lesponse to poweiful acoustic 
piessuies The effect of this will be to pi event the tians- 
nnssion of sound waves thiough the oval window With 
only one window woikmg but little effective sound is likely 
to leach the end-oigan of heanng, and m consequence signs of 
cochleai insufficiency will be added to those of defective 
tiansmission, even though the cochleai end-organ is intact 
and leady to lespond to any sound which may be peimitted 
to leach it Most of us have been biought up to believe that 
m advanced otoscleiosis cochleai changes take place Stacy 
Guild has shown that m the tempoial bones of advanced 
otoscleiotic deafness which he examined, theie weie no moie 
histological changes m the oigan of Corti and VUIth neive 
than could be accounted foi by age, theiefoie, it seems to 
me that we must levise oui view of advanced otoscleiosis 
and legald the piofound deafness as being due to inability of 
sound to leach an otheiwise noimal oigan of hearing rather 
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Di Heinnch G Kobrak, Wavne Umveisity School of Medi¬ 
cine, Detroit, Michigan, piesented a film on sound conduction 
m the ear Unfortunatelv, due to his unexpected death a 
description of the film is not available 


TRANSMISSION AND TRANSDUCTION 
IN THE COCHLEA * 

Halloiyell Davis, 

Central Institute foi the Deaf, 

St Louis, Mo 

My portion of our symposium deals with the cochlea as a 
sense oigan The domain extends fiom the oval window to 
the internal auditors meatus Di Lawrence has told you 
how sound is conducted to the inner eai, and Drs Galambos, 
Tasaki, Neff and otlieis will pick up the story of the nerve 
impulses that emerge from it 

My story bleaks into tv, o majoi parts the fust is acoustic 
analysis, the second is neinal excitation These follow one 
another logically in the sequence of transmission and then 
tiansduction They also follow in the ordei in which thev 
have commanded scientific mteiest m the past and m legard 
to the extent of oui present knowledge and understanding 
Each part is piimarily concerned with one of the two major 
dimensions of the acoustic stimulus Acoustic analysis is 
concerned with how mfoimation concerning fiequency is 
“coded” for transmission This has been the histone and 
almost exclusive subject of the “auditory theory” of psychol¬ 
ogists, but peisonallv, as a physiologist, I am now even more 
interested m how, legaldless of fiequency, the eai can en¬ 
compass its tremendous dynamic iange, how it can lespond 
to movements of its tvmpamc membrane of sub-molecular 
amplitudes, whether theie is a biological amplifiei that 
stands between the movements and the nerve impulses, and, 
if so, how it operates 

•Prepared under Contract X6onr 272 (03) between Central Institute for 
the Deaf and the Ofrice of Xa\al Research Reproduction In whole or In 
part Is permitted for am purpose of the United States Government. 
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One final woid about the footplate of the stapes m otosclei- 
osis I have tested its mobility at opeiation using the dissect¬ 
ing micioseope in many cases, and I have also inspected the 
lound window niche 

In veiy advanced cases of otoscleiosis with piofound deaf¬ 
ness, the footplate and the distal paid; of the ciuia may be 
literally buned in otosclerotic bone, and occasionally I have 
found the lound window niche also to be blocked by otosceiotic 
bone On the othei hand, m patients whose deafness is not so 
seveie theie is often some movement m the stapes, and I 
have been able to obseive movement of the lound window m 
zesponse to piessuie on the stapes 

In the Wemhei Reseaich Unit on Deafness at King’s 
College Hospital Di Littlei and, I have been trying to measure 
the impedance of the stapes m otoscleiosis, and this woik is 
still m piogiess 

Regaiding the relatively new pioceduie called mobilization 
of the stapes, which has been recently re-intioduced by Di 
Rosen of New Yoik, this is aiousing gieat interest eveiy- 
wheie, and theie is no doubt that it woiks in a proportion of 
cases My impiession so fai is that it is most likely to be 
successful when the hearing loss foi puie tones does not 
exceed 50 db, and bemg such a slight procedure, it can be 
justifiably lecommended when only one eai is affected An 
impoitant point is that if it is unsuccessful it does not m any 
way piejudice the chance of a subsequent fenestiation opera¬ 
tion Though it is a ramoi opeiation fiom the patient’s point 
of view it is fai fiom easy, and I feel that those who piactice 
it should also be piepaied to go thiough with a fenestration 
operation subsequently, should it not succeed 

New and beautiful plastic opeiations foi the lepan of 
perforated eai diums, and foi the lestoiation of the ossiculai 
chain on eais damaged by foimei infection, repoited by 
Zollivei and Wullstem, are attiacting much attention, also 
the piovision of an external meatus and middle ear for chil¬ 
dren bom with aplasia of the sound conduction mechanism is 
now an established proceduie 
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single neive fibei The oveiall task of the cochlea is to match 
this many-channeled single-valued communication system to 
the single contmuously-vaiiable channel of the open air, and 
then to code the particulai acoustic signals in terms of pat¬ 
terns of nerve impulses (I hope that Di Licklidei will tell 
you whethei I have used Pi of Gaboi’s terms “matching” and 
“coding” coirectly, and also how modem auditory theory 
combines the place pi mciple, the frequency pi maple, and the 
all-oi-none pi mciple ) 

Seveial secondary pi maples, 01 piopositions of physiology 
and biophysics, can be added m desciibmg cochleai actions 
Some are old, some aie new, but all have been greatly illumi¬ 
nated by recent anatomical studies or physiological experi¬ 
ments A few of these I shall discuss with you to the extent 
that time permits One of these will be the complexity of the 
fine movements of the cochleai partition Bekesy has visual¬ 
ized them and finds them fai more complicated than we had 
pieviously assumed Likewise the electucal lesponses are 
moie vaned and more complex They include not only the 
familiar cochlear miciophomc but also one and probably two 
DC lesponses to AC stimulation The ear acts as an acoustic 
rectifiei and mtegratoi, and the “summatmg potentials” are 
the electrical signs of this action The endolymph has a 
unique chemical composition, and the endolymphatic space is 
strongly charged electrically lelative to its sunoundmg tis¬ 
sues, but we shall heai evidence tomoirow that these unusual 
properties aie not dependent upon one another We can now 
see anatomical details of hair cells, nerve endings and sup¬ 
porting cells to a new ordei of magnification with the electron 
microscope, but the secret of then mechano-electric trans¬ 
ducing or amplifying action is not levealed by it The inner¬ 
vation of the hair cells is a complicated network, with contacts 
of many cells to a fiber and several fibers to a cell More 
recently the efferent charactei of the bundle of Rasmussen 
has become clear, and Di Galambos will tell you how it 
modifies the sensitivity of the auditory receptors Here, in 
a feed-back control from the central nervous system, is a 
really new principle of cochlear action 

Enough of generahties and previews Let us look rapidly 
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Thanks to the monumental woik of Pi of Geoig von Bekesy, 
who should be telling you m peison his half of this story, we 
know quite definitely the gioss pattern of movement of the 
cochleai partition This is the now-famous tiavehng wave 
pattern, which many of you saw lllustiated m Pi of Bekesy 5 s 
motion pictuie Equally well established is the pioposition 
that the extent of the tiavehng wave pattern along the coch¬ 
leai partition, and the position of its maximum of displace¬ 
ment both vaiy with the fiequency of the sound waves Thus 
the cochlea does act as an acoustic analyzei The apical end 
of the cochleai partition is moved and its sensory neives are 
stimulated only by low fiequency sounds, and those at the 
basal end neai the lound window aie stimulated by all sounds 
(of modeiate stiength) whethei low, medium 01 high m fie¬ 
quency This is not the exclusive one-fiequency-to-one-plaee 
pattern of the piano keyboaid, but it is a definite -place prin¬ 
ciple of cochlear action, and it is not a mattei of speculation 
but of obseivation Bekesy has seen it hundieds of times in 
actual cochleas and m models, and we have venfied it time 
and again with our electrical lecoi dings 

At the same time the cochlea also opeiates, within limits, 
on the telephone 01 fiequency punciple Nerve impulses tend 
to gioup in successive volleys that lepioduce the fiequency of 
the stimulating sound waves Up to the natural limit set by 
the lefractory penod of the neive fibeis, by the vai lability 
of then latency of dischaige, and by the tempoial dispel sion 
mtioduced by the tiavehng wave pattern of cochleai action, 
the neive impulses cany information about fiequency dnectly, 
accoidmg to the fiequency punciple Wevei postulated his 
volley punciple of finng-in-tum as an accessory to the basic 
fiequency punciple, and was pioved light expenmentally by 
Galambos and again by Tasaki They will give you some of 
their details of the stoiy latei 

I have alluded above to a majoi principle of neivous trans¬ 
mission namely, the nerve impulses aie all-oi-none An- 
othei is that in the nerve axons they travel in insulated chan¬ 
nels They are tnggeied by the stimulus, but their eneigy 
is piovided by the fibeis Their maximum sustained fre¬ 
quency is two to three hundred impulses per second m a 
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biane As a result of this vanation, the stiffness (“volume 
elasticity”) of the cochlear partition vanes by a factor of at 
least 100 from one end to the othei 

The cochlear partition has significant stiffness and also 
mass Contrary to earlier opinions, it is not undei tension 
When cut, the edges do not retract The movements of the 
paitition, like those of the middle ear, are quite heavily, but 
not critically, damped Because of the gradation in stiffness 
and mass, diffeient parts of the basilai membrane have dif¬ 
ferent resonant frequencies, but the various parts cannot move 
as independent resonatois The basilar membiane, and the 
oigan of Corti on it, are continuous structures Their ele¬ 
ments are coupled to one another elastically and also by 
friction The endolymph and the perilymph provide some of 
the friction 

TRAVELING WAVE PATTERN OF THE COCHLEAR PARTITION 

An increase of pressuie on the footplate of the stapes, 
caused by a sound wave, causes a wave of acoustic piessure to 
spread through the fluid m the cochlea with appioximately 
the speed of acoustic transmission m water, about 1500 m/sec 
Because of the small size of the cochlea, the increase m pres¬ 
sure is virtually simultaneous throughout The only elastic 
portion of the walls of the bony labyrinth is the round window, 
and its membrane bulges outward and allows inward move¬ 
ment of the stapes Fluid moves fiom oval window towaid 
round window The cochlear partition lies in the path of 
this movement, and it bulges toward the round window If 
the movement is very slow, there will also be some flow 
through the helicotrema, but all parts of the cochlear parti¬ 
tion do not move with equal promptness The relatively stiff 
portion m the basal turn moves very neaily m phase with the 
driving force, but the more flexible apical portions, particu¬ 
larly those whose resonant fiequency is lowei than the fie- 
quency of the acoustic wave that is duvmg the partition, 
tend to lag behind As the acoustic wave leverses its pressure, 
the portion that is “tuned” to lowei frequencies tends to over¬ 
shoot and continues to lag behind the driving force exerted 
on it by the acoustic pressure in the fluid Thus, because of 
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Fig- 1 Diagram of the human basilar membrane show Ing- the approxi¬ 
mate location of the regions of maximum amplitude of movement for tones 
of different frequency The width of the membrane is exaggerated relative 
to its length in order to show the w Idening more clearly (Stuhlman) 

at some of the details We are all audiologists, so I shall not 
take time to leview the familial basic anatomy of the cochlea, 
but in Di Bekesy’s absence I shall lecall buefly the story of 
the tiavelmg waves, and then pass on to some of the fmei 
details 

MECHANICAL PROPERTIES OF INNER EAR STRUCTURES 

In the mnei ear the basilai membiane widens giadually 
fiom 0 04 mm at the stapes to 0 5 mm at the helicotiema 
Ceitam othei measuiements, such as cioss section of the 
cochleai canal and relative sizes of certain types of cell m 
the oigan of Corti, aie also graded fiom end to end, but the 
impoitant vanation that allows the cochlea to act as a me¬ 
chanical acoustic analyzei is m the width of the basilar mem- 
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mg -nave moves on towaid the apex The velocity of tiavel, 
therefoie, diminishes, and consequenth the wave length of the 
displacement pattern becomes shortei A little distance be¬ 
yond the position of maximum amplitude theie is no signifi¬ 
cant movement at all In the legion of lapid diminution of 
amplitude the phase lag amounts to a full cycle 01 moie 

If the dnvmg fiequency is mci eased, the position of maxi¬ 
mum amplitude moves towaid the oval window, if it is de- 
cieased the maximum moves towaid the apex (see Fig 5) 
At about 100 cps it is veiy close to the helicotiema At 
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Distance from stapes in millimeters 

Fig 1 4 Tr o displacement patterns are show n at an Interval of a quar¬ 
ter of a c' cle The dashed line is the em elope of the Instantaneous pat¬ 
terns and corresponds to the dashed cune in Fig 5 upper (Behe^A ) 


2000 cps theie is veiy little movement beyond the nnd point 
of the cochleai partition, but the extieme basal end of the 
partition moves m lesponse to all fiequencies within the 
audible lange 

The unsymmetncal tiavehng wave pattern of movement, 
with its lathei flat maximum of amplitude and its abiupt 
apical 1 eduction m activity, has been shown to be a necessary 
and piedictable consequence of the punciples of acoustic 
lesonance m a system such as the cochlea with giadation of 
stiffness, mass, damping and coupling The tiavehng wave 
pattern has been lepioduced m appiopnate physical models, 
and it has been observed dnectly m the cochlea undei the 
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Pig" 2 Overall diagram of the ear showing the ossicles In the middle 
ear (the incus is not labeled) and the fluid-filled inner ear The cochlea 
is dra^n as a short straight chamber instead of a long coiled canal 
(Bekesj) 



Pig 3 The solid line (a) shows the displacement pattern of the cochlear 
partition at one Instant and the broken line (b) the pattern an instant 
later Actually the t\ es die out quite rapidlj in the secondary zone and 
their t\ a^v e length becomes progress^ ely shorter and shorter (We'ier 
La'a rence and Bekesj ) 


the giadation of stiffness, a traveling wave of displacement 
appears on the cochleai paitition (see Fig 3) , furthermoie, 
because of the continuity of the paitition, the stiffei portion, 
moving almost as a unit, duves the moie flexible portion 

The tiavelmg wave mci eases in amplitude as it moves 
apically and leaches its maximum near the legion wheie 
lesonant fiequency of the basilai membiane conesponds to 
the fiequency of the duvmg waves (see Fig 4) The ampli¬ 
tude of movements falls off lathei lapidly beyond this point 
The phase lag mci eases moie and moie lapidly as the tiavel- 
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of a system of diagonal fibeis, and also a jelly-like substance 
It yields to slov movements but is quite stiff and lesistant to 
quick movements It letums latliei slowly aftei being de¬ 
tached from its normal attachment to the oigan of Corti and 
then displaced 

Appaientlv, as the basilai membiane bulges “upwaid” 01 
“downward” (see Fig 7), the stiff leticulai lamina tends to 



rock, on the support of the lods of Corti, aiound an axis at 
the attachment of the basilai membrane to the bony modiolus 
The tectonal membiane swings on its attachment to the 
limbus The lesult is a sheaimg action between the tectonal 
membiane and the leticular lamina (see Fig 8) The “hans” 
anse fiom the cutieulai plates of the hail cells, winch aie set 
firmly m the leticulai lamina, and then outei ends are firmly 
imbedded m the tectonal membiane, theiefore, as the basilai 
membiane bulges, the hail's aie bent The force of the mo\e- 
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micioscope with stioboscopic illumination It allows the 
cochlea to act as a mechanical frequency analyzei, because the 
extent of activity and position of maxima vary as functions 
of fiequency It mtioduces additional featuies, such as 
asymmetiy, piogiessive time and phase lag, and significant 
longitudinal as well as tiansveise bending of the cochleai 
partition, that contribute to the pattern of neuial excitation 
that lesults from the movements of the partition 
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Fig- 5 The upper set of curves shows the amplitude of displacement 
of the cochlear partition at \arlous distances from the stapes and for 
several driving frequencies The lov^er set of curves shows the corre¬ 
sponding phase angles (Bekesy) 


THE FINE MOVEMENTS OF THE ORGAN OF CORTI 

The fine movements of the organ of Corti and the tectonal 
membrane have been observed undei the microscope by strobo¬ 
scopic illumination and described in some detail by Bekesy 
In any one segment the basilai membrane, organ of Corti, 
tectonal membiane, and usually Reissner*s membrane also, 
move in phase with one another The basilar membiane is 
fibrous and elastic, and basically it detei mines the traveling 
wave pattern of vibiation described above The cells of Hen- 
sen foim a soft cushion supporting the stiffer plate of the 
leticulai lamina The tectonal membiane is hinged like the 
covei of a book along the edge of the limbus It is composed 
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and the hairs aie piesumably bent longitudinally instead of 
ladially (see Fig 9) 

The exact significance of these diffeient directions of 
movement in 1 elation to the excitation of nerve impulses by 
the hail cells is still a mattei of speculation, but the bending 
of the hans is the final and cutical mechanical event that 


helicotrema 

/ 



Fig 9 Motements In the cochlear partition tlewed from the upper 
edge of the stria ascularlg The greatest amplitude of displacement in 
the pattern shown In Fig 6 Is in the region here labeled vertical 
(Bekesy ) 


lias been lecogmzed m the mechanism of stimulation At 
this point the significant events appaiently become electrical, 
foi this bendmg of the hans seems to lelease eneigy m the 
form of biolectiic potentials, and these potentials are m all 
piobability an important inteimediate step in the mechanism 
of excitation of the auditory nerve fibeis 

The endolymph , which fills scala media, diffeis shaiply 
from peiilymph m its ionic content Unlike all othei body 
fluids, it is high m potassium and low in sodium It moie 
neaily lesembles mtia-cellulai fluid m this lespect Typical 
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RETICULAR 



Pig: 8 Probable pattern of shearing: action between tectorial mem¬ 
brane and reticular lamina with bending- of the hairs 


ments of the cochlear partition is lathei efficiently con- 
centiated on the shearing action 

The movement descubed above is associated with an ap- 
pioximately radial displacement of Hensen’s cells, as seen 
undei the microscope, and a corresponding ladial 01 slightly 
diagonal bending of the hans This movement is chaiactei- 
istic on the basal side of the position of maximal amplitude 
On the apical side, however, due to the shortei wave length of 
the traveling wave and sharpei longitudinal bending of the 
basilar membrane, a longiUuiiTial movement piedommates, 







abruptly at the point wheie the explonng electrode enteis 
the endolymphatic space The change of potential m going 



Flff 11 The endol> mphatlc space bounded b> the heavj line carries a 
posItUe electrical charg-e of 80 rav relative to the perilymph in scala 
timpani Scala \estibull is not more than 5 pos!ti\e The Interiors 

of all of the cells of the cochlear partition are electrically negatl\e 


from the intei xor of a han cell through its cuticulai layei into 
scala media is thus about 150 mv 

The endocochlear potential is closely dependent on an ade¬ 
quate oxygen supply It falls, reversibly, to a very low level 
at the stage of asphyxia that is leached m extreme Cheyne- 
Stokes lespnation (m anesthetized, moribund gumea pigs) 
Full recovery lequues only a few seconds after a large single 
gasping inspiration It is also abolished lapidly by injection 
of cyanide 01 azide into scala tympam 01 scala media It is 
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analyses of endolymph, penlymph and cerebro-spmal fluid 
are given m Fig 10 The endolymph has sometimes been 
described as “viscous,” but this is piobably tiue only foi 
certain fish and peihaps othei lowei foims 

The endolymph is probably secieted by the stua vascularis 
Whethei it is also leabsoibed wholly 01 only in part by the 
same structure is a mattei of debate 


Spinal Fluid Perilymph Endolymph 
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Fig 10 


INTRACELLULAR POTENTIALS 

Neaily all cells show a negative mtiacellulai potential 
Exploiations of the cochlea and the auditory nerve with veiy 
fine microelectiodes leveal these mti acellular potentials, 
langmg from -60 oi even -80 mv relative to the potential of 
the peiilymph m laige cells, such as Hensen’s or Claudius 
down to -20 mv oi so in the cells of Reissnei’s membrane 
The exact value seems to be a function of the amount of injury 
caused by the microelectiode, the gieatei the injury the 
lowei the value The hair cells, like the nerve fibeis and 
supporting cells, aie electucally negative internally 
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signal, but to a xoot-mean-squaie value, mtegiated ovei a 
very short time Thus the summating potentials lepioduce 
appi ovimatelj the form of the envelope of the original acoustic 
signal The positive and the negative summating potentials 
aie opposite in sign They can be sepaiated by the greatei 
vulnerability of the positive summating potential to oxygen 
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FIgr 12 The cochlear microphonic recorded by Intracochlear electrodes 
on opposite sides of the cochlear partition reproduces the sine wave form 
of a pure tone The basal turn responds to all frequencies but the third 
turn responds only to frequencies below about 3000 c-P s 


lack and othei injury, and by the moie apical site of geneia- 
tion of the negative response The input-output lelations 
of the summating potentials aie now being investigated They 
are not simple 

The cochlear miciophomc is geneiated at the cuticulai sui- 
face of the hair cells Tins is cleaily pioved by exploiation 
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not immediately affected by injection of isotonic potassium 
chloride, choline chlonde, or potassium glutamate into scala 
tympani 01 scala vestibuli It does fail, although less lapidly 
than with cyanide, following suigical mjuiy to scala media 01 
the injection into scala media of a solution that diffeis sub¬ 
stantially m ionic content fiom the analytic figuies foi endo- 
lymph given in Fig 10 

The endocochleai potential is modified by displacement of 
stiuctuies within the cochlear paitition Displacement of 
the basilai membiane towaid scala tympani, as by injection 
of fluid into scala media 01 an inward movement of the stapes, 
causes an increase m the positive potential by as much as 5 
oi 10 mv Movement m the opposite dnection, as by outwaid 
movement of the stapes, causes even gi eater l eductions in the 
potential Movements of Reissnei’s membrane alone aie not 
effective, but movements of tectonal membiane lelative to 
the leticulai lamina, when it is manipulated by a micio- 
needle, pioduce just such changes m potential The changes 
aie i elated to displacement, not to velocity, and aie sustained 
as long as the displacement is maintained 

The sow ce of the endocochleai potential has not been iden¬ 
tified, although both hail cells and the stua vascularis have 
been suggested The changes in endocochleai potential, de- 
scubed above, aie cleaily associated with the oigan of Corti, 
almost suiely the hair cells, but it is not ceitam that the 
lestmg positive endocochleai potential is geneiated heie 
Pei haps a sepaiate electric response to mechanical stimula¬ 
tion occurs m the hail cells and simply adds to the back¬ 
ground potential that is pioduced by anothei “geneiatoi” 

THE COCHLEAR MICROPHONIC AND THE SUMMATING POTENTIALS 

The cochleai miciophomc and two summatmg potentials 
(positive and negative) are all electnc lesponses to acoustic 
stimulation The cochleai miciophomc is lineally piopoi- 
tional, up to a limit, to the displacement of the cochlear pai¬ 
tition and thus, mdnectly, to the instantaneous acoustic pies- 
suie The miciophomc thus lepioduces the wave form of the 
acoustic stimulus (see Fig 12) The summatmg potentials 
are pioportional, not to any instantaneous value of the acoustic 
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signal, but to a loot-mean-squaie value, mtegiated ovei a 
veiy short time Thus the summatmg potentials xepioduce 
appi oximately the foi m of the envelope of the 01 lginal acoustic 
signal The positive and the negative summating potentials 
aie opposite m sign They can be sepaiated by the gieatei 
vulnei ability of the positive summating potential to oxygen 
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Fig- 12 The cochlear mlcrophonlc recorded bv intracochlear electrodes 
on opposite sides of the cochlear partition reproduces the sine wave form 
of a pure tone The basal turn responds to all frequencies but the third 
turn responds onlj to frequencies below about 3000 c.p s 


lack and othei injury, and by the moie apical site of geneia- 
tion of the negative response The input-output lelations 
of the summating potentials aie now being investigated They 
are not simple 

The cochleai miciophonic is geneiated at the cuticulai sui- 
face of the hair cells This is cleaily pioved by exploration 
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with micioelectiodes The miciophomc, and m all piobabihty 
the summatmg potentials also, seem to leflect the bending 
of haus m the appiopnate duection Apparently at inten¬ 
sities high enough to evoke the summating potentials, some 
kind of mechanical lectifymg or detectoi action takes place m 
the mnei eai to cause an unsymmetncal, persistent one-way 
bend m the hans of certain cells In some cases the bending 
is piobably acioss, in otheis lengthwise of the oigan of Corti 
(A theoiy that includes this and seveial othei aspects of the 
electiophysiology of the cochlea has lecently been published 
m Physiological Reviews, 1957 ) 

Both the cochleai miciophomc and the summatmg po¬ 
tentials aie continuously giaded lesponses, lmeaily 1 elated 
within limits, to the intensity of the acoustic stimulus, and 
vnth no tiue “thieshold” like that of all-oi-none action po¬ 
tentials No evidence of any all-oi-none lesponse in the 
sensoiy cells 01 of a lefiactory penod has been found, even 
when the cochleai miciophomc was lecoided fiom an electiode 
inside a han cell Both the miciophomc and the summatmg 
potentials show very little 01 no fatigue 01 adaptation 

The cochleai miciophomc “appeals,” in the sense that it 
leaches an ims value of a miciovolt 01 theieabouts, at a much 
lowei sound pressuie level than the summatmg potential, ex¬ 
cept at the extieme high-fiequency limit of lesponse In the 
basal turn m the guinea pig the mciease is lmeai, with the 
sound piessuie level up to about 80 db lelative to 0 0002 
miciobai The lesponse then mcieases moie slowly and 
usually goes thiough a maximum At low frequencies oidi- 
naiy mechanical non-hneai distortion limits the output At 
highei fiequencies the electucal output is limited, but the 
■wave foim of the cochleai miciophomc is well maintained, 
with little or no “peak-clipping,” m contiast to the flat-topped 
waves seen at lowei fiequencies The summatmg potentials 
“appeal” some 20 db above the cochleai miciophomc, and 
continue to mciease up to limits set only by acoustic tiauma 
to the oigan of Corti 

The cochleai miciophomc, like the endocochleai potential, 
is closely dependent on an adequate oxygen supply Latei 
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we shall heai evidence that the cochleai miciophomc is not 
entirely dependent on the positive potential of the endolymph 
The cochleai miciophomc, liowevei, apparently does lepie- 
sent, as Bekesy onginally implied, an amplifiei action m 
which the acoustic stimulus “valves” the eneigy fiom a pie- 
existmg “biological pool,” such as the endocochleai potential 
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Fig: 13 The \oltape of the cochlear microphonic is proportional to the 
sound pressure level up to about SO db SPL but goes through a maximum 
at about 105 db SPL The height of the action potential spike (Ni) in¬ 
creases rapidl\ from threshold and then gradually at a rate that \aries 
between the third and the fifth root of the sound pressure le\ el The 
negatL e summating potential Is directlv proportional to sound pressure 
level w hen it first appears It does not show a maximum like CAL but Its 
Increase Is often Interrupted bv plateaus No single tvpical curve can \et 
be drawn for SP 


We may add that the negative mtiacellulai penalization is 
also such a “pool ” In any case it now seems cleai that the 
sustained changes in the endocochlear potential noted above 
certainly lepiesent a modulation of a biological souice of 
eneigy, and not simply a passive physical transducei mechan¬ 
ism 

The summating potential, as usually seen, is a displacement 
of the baseline of the oscilloscopic recoid on which the cochleai 
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with micioelectiodes The microphomc, and m all piobabihty 
the summatmg potentials also, seem to leflect the bending 
of hans in the appropnate dnection Appaiently at inten¬ 
sities high enough to evoke the summatmg potentials, some 
kind of mechanical lectifymg or detectoi action takes place in 
the mnei eai to cause an unsymmetiical, persistent one-way 
bend m the hans of certain cells In some cases the bending 
is piobably acioss, m others lengthwise of the oigan of Coiti 
(A theory that includes this and seveial othei aspects of the 
electiophysiology of the cochlea has lecently been published 
in Physiological Reviews, 1957 ) 

Both the cochleai miciophomc and the summatmg po¬ 
tentials aie continuously giaded lesponses, hneaily 1 elated 
within limits, to the intensity of the acoustic stimulus, and 
with no tiue “thieshold” like that of all-oi-none action po¬ 
tentials No evidence of any all-oi-none lesponse in the 
sensoiy cells 01 of a lefiactory penod has been found, even 
when the cochleai miciophomc was recoided flow an electiode 
inside a hail cell Both the miciophomc and the summating 
potentials show very little 01 no fatigue 01 adaptation 

The cochleai miciophomc “appeals,” m the sense that it 
leaches an 1 ms value of a miciovolt or theieabouts, at a much 
lowei sound piessuie level than the summatmg potential, ex¬ 
cept at the extieme high-fiequency limit of lesponse In the 
basal turn m the guinea pig the mciease is lineai, with the 
sound pressme level up to about 80 db lelative to 0 0002 
miciobai The lesponse then mcieases moie slowly and 
usually goes thiough a maximum At low frequencies oidi- 
nary mechanical non-lmeai distortion limits the output At 
highei fiequencies the electucal output is limited, but the 
wave foim of the cochleai miciophomc is well maintained, 
with little or no “peak-clippmg,” m conti ast to the flat-topped 
waves seen at lowei frequencies The summatmg potentials 
“appeal” some 20 db above the cochleai microphomc, and 
continue to increase up to limits set only b} r acoustic tiauma 
to the oigan of Corti 

The cochleai miciophomc, like the endocochleai potential, 
is closely dependent on an adequate oxygen supply Latei 
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AF> CM AND SP FROM BASAL TURN 

CM AND SP CM AND SP 



AP AP 


TONE BURST 7000 CPS +10 DB 

Fig- 15 The AP response can be separated from CM and SP bv using 
Intracochlear electrodes an appropriate Input network and two recording 
channels The stimulus for the responses at the right was 10 db stronger 
than for those on the left Note that AP and SP- have increased while 
CM has decreased slights 


AP, CM AND SP FROM BASAL TURN 



Fig 16 
domlnanth 


In some preparations 
positt\e A stronger 


with weak stimuli the SP response is 
stimulus gi\es a composite SP response. 
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miciophomc is supei imposed It is a paiadoxical fact that, 
with mild anoxia, abnoimal ionic concentiations, etc, while 
the cochleai miciophomc diminishes the negative summatmg 
potential mcieases The diphasic effect of anoxia, etc, is 
best explained by assuming that, 1 theie is a positive as well 
as a negative summatmg potential, geneiated by a diffeient 
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Pig 14 The upper trace is the electrical pattern of a tone burst at 
215 kc An electrode on the round window of guinea pig records a 
complex electrical response consisting of cochlear microphonic (at the 
frequency of the sound ttaves) summating potential (dounuard displace¬ 
ment of the base line) and action potentials (the peaks and notches on 
the descending limb of the SP response) The stimulus Is maximal for CJl 
Its sound pressure le\ el Is 60 db abo\e the le'v el needed for a CM response 
of 3 vv The apparent deca\ of SP during the tone burst is an artifact 
due to the condenser coupling of the recording amplifier After the end 
of the tone burst the CM response to the re\ erberatlon continues to be 
nearl\ maximal 


set of sensoiy cells, and that 2 the positive lesponse is moie 
sensitive to anoxia than the negative The negative summat- 
mg potential seems to be stiongei, although highei in thiesh- 
old, and only undei moie seveie anoxia oi ionic injury does it 
in its turn weaken and finally disappeai 

We shall lely on Dis Galambos and Tasaki to piovide 
fuithei details concerning the neive action potentials in the 
second oidei and fust oidei auditoiy neuions lespectively 
Let us devote the lemammg moments to a quick intei pretive 
summai y of some of oui statements about cochleai mechanics, 
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is stiongest on the apical side of the position of maximum 
excuision The sustained bend of the hails piesumably acts 
as a steady stimulus to the hail cells that aie affected, but 
compaied to the alternating shcaung movements levealed by 
the cochleai miciophonic this mechanism is lelatively in¬ 
sensitive The lectifymg action, as levealed by the negative 
summating potential, continues to mciease, howevei, aftei 
the vibiatoiy movements, and with them the cochleai micio¬ 
phonic, have leached then maximum The lectifymg action, 
howevei it is pioduced, seems to be a mechanism that sig¬ 
nificantly extends the dynamic lange of the eai 

The complete theoiy, as piesented elsewheie, consideis the 
mechanism of limitation of ciosswise bending (and with it 
the cochleai miciophonic) m more detail and it also includes 
a second lectifymg action, associated with the ciosswise 
bending, that depends on the viscous piopeities of the tectonal 
membiane This second mechanical lectifymg action and 
consequent one-way bias of the haiis is invoked as the basis 
of the positive summatmg potential, but tins extension of the 
theoiy, as well as a possible inhibitory action of the positive 
summatmg potential, is admittedly moie speculative than the 
postulate of the longitudinal “shift” and its pioduction of the 
negative summatmg potential 

The association of the cochleai miciophonic with the bend¬ 
ing of the hans seems veiy well established The mechanism 
that connects the two is completely obscuie, howevei A vague 
suggestion that the mechanical distoition changes the elec- 
tucal lesistance of the uppei ends of the hail cells has been 
offeied but without supporting evidence Whatevei the 
mechanism, the bending of the hans is supposed to account 
foi not only the cochleai microphomc but also both of the 
summatmg potentials, but these thiee electucal lesponses, 
it should be noted, aie obseived phenomena, not theones 

Consideiation of the extieme sensitivity of the eai, and 
also the fact that a potential change peisists indefinitely if 
a static displacement of tectonal membiane lelative to the 
leticulai lamina is maintained mechanically, leads to the con¬ 
clusion alieady stated that the eneigy of the electrical ic- 
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and to the lelations between movement and potential, and 
between potential and neive impulses 

We conceive that, as the basilai membiane, and the organ 
of Corti with it, bulge one way 01 the othei, theie is a sheai- 
mg action between the stiff leticulai lamina of the organ of 
Corti and the stiff but viscous tectonal membiane that lies 
m contact with it, because the tectonal membrane pivots 
aiound a different axis, as lllustiated m Fig 7 The sheaung 
action bends the haiis of the hail cells, which aie attached 
both to the oigan of Corti and to the tectonal membiane 
This bending is the mechanical movement that is cutical foi 
stimulation Piotection against too gieat bending is probably 
piovided by the attachment of the tectonal membiane duectlv 
to the outei and mnei boideis of the oigan of Corti 

The longitudinal bending causes longitudinal vibratoiy 
movements among the cells of the oigan of Coiti, and pie- 
sumably bends the hans lengthwise of the cochleai partition 
The longitudinal bending is sharpest in the “cut-off” legion 
on the apical side of the maximum and is piobably negligible 
on the basal side It is unceitam as yet whethei the external 
and the internal hail cells aie equally sensitive to ladial and 
to longitudinal bending of then hans Piobably they diffei, 
and the diffei ential stimulation of the two sets by the dif¬ 
fei ent dnections of bending allows possibilities, thiough in¬ 
hibitory neuial interactions within the cential neivous system, 
of shaipenmg the “place” aspect of fiequeney disci immation 

The tiavehng waves aie known to pioduce eddies in the 
cochleai fluids on the apical side of the position of maximal 
amplitude The forces that produce eddies, we believe, also 
tend to cause an unsymmetucal longitudinal shift or “cieep” 
to the tectorial membrane lelative to the oigan of Corti 
Such a shift would cause a one-way longitudinal bending of 
the hans This would be a mechanical lectifymg action It 
allows the cochlea to “detect” efficiently and lespond with 
neive impulses to high-fiequency acoustic signals above 2000 
pei second Just as the cochleai miciophonic is the electucal 
sign of a symmetncal vibiatoiy bending of the hans, we be¬ 
lieve the negative summating potential is the electucal sign 
of an unsymmetucal, lectified longitudinal shift This shift 
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medullated dendutic blanches of the pnmary neurons m the 
oigan of Corti 

At fiequencies below about 300 c p s each soundwave acts 
like an individual stimulus to the nerve fibeis Excitation 
apparently occurs dunng the "falling phase” of the cochlear 
miciophomc, te while scala media (and vestibuli) is becom¬ 
ing more negative relative to scala tympani This conespon s 
to the phase of outward, movement of the stapes The p ase 
ielation of neuial excitation to the coclileai miciophomc is 
conect foi the electucal theoiy, although this may no e 
immediately obvious The cuilent flows fiom hail cell in o 
nerve fibei and outwaid acioss the neive membiane, and t us 
can excite the non-medullated dendutic teimmals like one 
tiemendous node of Ranviei, oi like non-medullated fibeis 
elsewheie Spatial summation between the seveial hail cel s 
attached to a given nerve fibei is cleaily positive, and also a 
facilitating action between summatmg potential and cochlear 
miciophomc 

This is at least a leasonable woiking hypothesis oi "model 
of the action of the cochlea as a sense oigan 
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spouses is denved fioui the metabolism of the tissues, not 
from the acoustic stimidus The lattei selves meiely to 
“valve” the flow of eneigy fiom the biological souice The 
lesult is an amphfiei action in the sense oigan pnoi to stimu¬ 
lation of the neive fibeis 

The cochleai miciophonic and the negative summatmg po¬ 
tential aie believed to excite dnectly the nerve fibeis in 



all intervening tissues except the scala media 


contact with the hail cells Only a passive lole as electncal 
conductois is ascubed to the neive endings No latency can 
be seen between mechanical displacement of the cochleai 
partition and the cochleai miciophonic It is not yet clear 
whethei theie is synapse-like delay in excitation or whether 
the obseived latency of action potentials (in the modiolus) 
should be attubuted chiefly to conduction time in the non- 
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gieedv, he would ask foi moie dnect observational data on 
the phase lesponse of the cochleai partition, paiticulaily at 
frequencies abo\e 500 c p s , but to have the pictuie we ha\e 
of the mechanical analysis is so good that we should not be 
\ei> gieedy Taking ad\antage of the established leason- 
ableness of the assumption of lmeai supei position, one can, at 
least m punciple, determine lathei approximately, as a func¬ 
tion of time, the pattern of displacement of the cochleai pai- 
tition m lesponse to any specified acoustic stimulus, sinusoidal 
01 complex, pei iodic or aperiodic 

My second comment has to do with two diffeient theoietical 
points of view from which we can examine the next stage 
of the auditory process By the next stage, I mean the tians- 
duction from mechanical displacement of the cochlear partition 
to excitation of the neuions of the auditory nerve The fust 
point of new is that of the audiologist, oi the expenmental 
psichologist, who wants to undeistand the oveiall behavioi of 
the individual The othei point of view* is that of the physiol¬ 
ogist who wants to know exactly what does what 

A few veais ago, we had only a very tentatne pictuie of 
this second stage of the auditory piocess The displacement 
of the cochleai partition squeezed the hail cells, the hair 
cells shocked the nerve fibeis, and impulses went up the 
Vinth neive Today, howevei, the mechano-neuial trans¬ 
formation is the focus of leseaich attention Does it play a 
lole in the shaipemng of the mechanical frequency analysis’ 
To what extent are its paiameteis undei the conti ol of 
lnghei centers 7 Does the band width of the “cochleai filter” 
laiy with the alertness of the oiganism, with the listeneis’ 
set, w ith the task assigned 7 

It is evident from Di Davis’ summary that those questions 
do not yet have positive answeis, but equally evident that 
answeis aie at least on the wav 

The pnmary concern of many of the researclieis who aie 
hard at woik on the mechano-neuial tiansfoimation is an 
undei standing of the physiology of the process What struc¬ 
tures lespond m what mannei undei what conditions 7 The 
mam mteiest of many audiologists and psychologists, on the 
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TRANSMISSION AND TRANSDUCTION 
IN THE COCHLEA 

Theoretical Discussion of Hallowell Davis’ Paper 

J C E Licklider,* 

Bolt Beianek and Newman Inc 
Cambridge, Mass 

My first comment on Di Davis’ masterful job concerns the 
theoretical significance of Professoi Bekesy’s expenmental 
contributions on the one hand, they displaced the specula¬ 
tions, most of which had been pretty fai afield, about cochleai 
mechanics, and they sent the speculators scurrying up the 
auditory system to happier hunting grounds, on the othei 
hand, they set the stage for a senes of mathematical theones, 
not theones so much as assimilations, that i educed to foimulas 
the essential schema of the cochleai mechanical frequency 
analysis 

It is probably impossible to ovei state the importance, to 
the lest of auditory theory, of having this solid foundation 
on which to build If one could ask foi more without being 

♦Formerly at Massachusettes Institute of Technology 
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gieedy, he vould ask foi moie direct obsei vational data on 
the phase response of the cochlear partition, particularly at 
frequencies above 500 c p s , but to have the picture we have 
of the mechanical analysis is so good that ve should not be 
\ery greedy Taking advantage of tire establrslred reason¬ 
ableness of the assumption of lineal supei position, one can, at 
least m principle, determine lathei approximately, as a func¬ 
tion of time, the pattern of displacement of the cochleai par¬ 
tition m response to any specified acoustic stimulus, sinusoidal 
01 complex, pei iodic or apei iodic 

Mv second comment has to do w ith two different theoretical 
points of view fiom which we can examine the next stage 
of the auditory piocess By the next stage, I mean the tians- 
duction from mechanical displacement of the cochleai partition 
to excitation of the neuions of the auditorv nerve The first 
point of view is that of the audiologist, oi the experimental 
psvchologist, who wants to undei stand the overall behavioi of 
the individual The otliei point of view is that of the physiol¬ 
ogist who wants to know exactly what does what 

A few yeais ago, v. e had only a verv tentative pictuie of 
this second stage of the auditory piocess The displacement 
of the cochleai partition squeezed the hail cells, the hair 
cells shocked the nerve fibers, and impulses went up the 
Vfflth neive Toda\, howe\er, the mechano-neuial tians- 
formation is the focus of leseaich attention Does it play a 
lole m the sharpening of the mechanical fiequency analysis 9 
To what extent aie its paiameteis undei the control of 
highei centeis 9 Does the band width of the “cochlear filter 1 ’ 
\ary with the alertness of the oiganism, with the listeneis’ 
set, with the task assigned 9 

It is evident from Di Davis’ summary that those questions 
do not yet have positive answeis, but equally eMdent that 
answei s are at least on the way 

The pnmary concern of many of the researcheis who aie 
hard at work on the mechano-neural transfoimation is an 
undei standing of the physiology of the process What struc- 
tuies respond m what manner undei what conditions 9 The 
mam mterest of many audiologists and psychologists, on the 
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othei hand, is an undei standing of the foim of the tians- 
foimation They are less intei ested m knowing what struc- 
tuies mediate it than they aie in knowing the shape of the 
“transfei chaiacteiistic ” Then hope, of couise, is to apply 
the mechano-neuial tiansformation to the signal that lesults 
fiom the mechanical cochleai analysis of the acoustic stimu¬ 
lus That would cany the quantitative description of the 
piocess thiough anothei stage and give us a picture of the in¬ 
coming signal as seen by the nervous system 

It seems to me worthwhile to distinguish between the 
advances in the two aieas that correspond to the interests of 
the physiologist, on the one hand, and the audiologist or 
psychologist, on the othei Let us considei them in leveise 
01 dei 

Insofar as the foim of the tiansduction is concerned, the 
majoi advance, m what Di Davis has described, is the demon- 
stiation that the cochleai miciophonic potential is supple¬ 
mented by the summatmg potential The miciophonic noi- 
mally is dominant at low fiequencies and low intensities, the 
summatmg potential at high fiequencies and high intensities 
The summatmg potential appears as though it weie denved 
thiough rectification and smoothing of the miciophonic po¬ 
tential, and those two operations give us a rough pictuie of 
the form of the process From the lecent developments, we 
begm to see how the auditory system gets its exti erne dynamic 
lange We see also that its behavior in lesponse to stiong 
signals is fundamentally different fiom its behavioi m re¬ 
sponse to weak signals 

On the physiological side, the fundamental advance was 
the undei standing that the cochleai potentials aie eneigy- 
lelease phenomena and not dnect-energy-tiansduction phe¬ 
nomena Relating the physiology to the anatomy, there is the 
cleai evidence that the focal point of the piocess is the hail 
cell 

When it comes down to the details of the piocess, howevei, 
the picture is exti emely complicated There are actually seven 
potentials to be consideied, and theie aie at least seven 
stiuctures that aie legarded by one mvestigatoi oi another 
as playing impoitant loles The opportunities foi theory 
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construction, here, are, tlieiefoie, obviously quite as good as 
they ever were in the study of the mechanical action of the 
cochlea I think that Di Davis has displayed both great 
couiage and great skill m his discussion of “which structure 
mediates which functions ” He has at everv step, I think, 
picked the best and cui rentlv most plausible hypothesis I am 
sure that he does not expect to be 100 per cent correct I 
should not be surprised, howevei, if he touched 95 per cent, 
and to do that is a tremendous accomplishment 

TRANSMISSION AND TRANSDUCTION 
IN THE COCHLEA 

CLINICAL DISCUSSION 

John R Lindsay, 

Um\ ersitv of Chicago, 

Chicago, Illinois 

It is giatifving to the otologist to heai of the extensive 
lesearch being cained on concerning the problems of heaimg 
Di Davis’ presentation of evidence pertaining to the physiol- 
ogv of the heaimg mechanism within the cochlea is of dnect 
mteiest m the case of end-oigan lesions, but does not lend 
itself readily to discussion fiom the clinical viewpoint I be¬ 
lieve it would be more appiopnate foi the otologist to call 
attention to a few of the clinical problems winch are m uigent 
need of investigation 

The most common cause of seiious heaimg impairment m 
earlv adult life is the condition known as otoscleiosis Tb^ 
cause of otoscleiosis is not known, noi is there anv known 
means bv which the progress of the disease can be inhibited 
Although tiemendous progress has been made m lecent vears 
m impiovmg the heaimg tlnough suigery m certain selected 
cases of otosclerosis, theie are many cases foi which suigical 
piocedures offei little oi no help Theie aie manv cases 
which, because of progressive nerve loss, cannot be helped 
either bv medical oi suigical means, and a few f«r whom the 
modem heaimg aids aie inadequate 
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othex hand, is an undei standing of the foim of the tians- 
foimation They aie less intei ested m knowing what stiuc- 
tuies mediate it than they aie m knowing the shape of the 
“tiansfei chaiactenstic ” Then hope, of couise, is to apply 
the mechano-neuial transfoimation to the signal that lesults 
fiom the mechanical cochleai analysis of the acoustic stimu¬ 
lus That would cany the quantitative descnption of the 
piocess thiough anothei stage and give us a pictuie of the in¬ 
coming signal as seen by the nervous system 

It seems to me woithwhile to distinguish between the 
advances m the two aieas that coirespond to the mteiests of 
the physiologist, on the one hand, and the audiologist 01 
psychologist, on the othei Let us considei them in leveise 
01 dei 

Insofai as the form of the tiansduction is concerned, the 
majoi advance, in what Di Davis has descnbed, is the demon- 
stiation that the cochleai miciophomc potential is supple¬ 
mented by the summatmg potential The miciophomc noi- 
mally is dominant at low fiequencies and low intensities, the 
summatmg potential at high fiequencies and high intensities 
The summatmg potential appears as though it weie denved 
thiough rectification and smoothing of the miciophomc po¬ 
tential, and those two operations give us a lough pictuie of 
the form of the process Fiom the lecent developments, we 
begin to see how the auditory system gets its exti erne dynamic 
lange We see also that its behavior m lesponse to stiong 
signals is fundamentally different fiom its behavioi m re¬ 
sponse to weak signals 

On the physiological side, the fundamental advance was 
tlie understanding that the cochleai potentials are eneigy- 
lelease phenomena and not dnect-eneigy-tiansduction phe¬ 
nomena Relating the physiology to the anatomy, there is the 
cleai evidence that the focal point of the process is the hau 
cell 

When it comes down to the details of the piocess, howevei, 
the pictui e is exti emely complicated Thei e ai e actually seven 
potentials to be consideied, and theie aie at least seven 
structures that are legarded by one mvestigatoi 01 anothei 
as playing important loles The opportunities foi theory 
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case showing innei eai m\ asion bj the measles vn us In tins 
case the finding could be described as an endolymphatic laby¬ 
rinthitis resulting fiom dnect invasion of the endolymphatic 
system by the vnus bv way of the stiia vascularis 

In a case leported some leais ago by Piofessoi Nagei, the 
evidence indicated that a meningoencephalitis had been pres¬ 
ent ■until dnect extension from the subarachnoid space to the 
penlymphatic compartment of the labyrinth There are also 
othei types of cases in which clinical cncumstances suggest 
that there mav have been a dnect extension of a vnus infec¬ 
tion 01 its toxic effects thiough the labyimth windows fiom 
the middle ear The factual information regarding this type 
of injury to the innei eai is scanty In tins, as in many 
othei diseases of the ear, theie is still a paramount need foi 
histopathologic evidence as to what takes place in the innei 
eai and m the neural appaiatus 

One of the diseases which has been most intriguing to the 
otologist, and also to those of jou earning on leseaich on 
the function of the cochlea, is that known as Menieie’s dis¬ 
ease The chaiactenstics of the auditory distuibances in 
this condition have been unique With the accumulation of 
histopathologic evidence and the development of hearing tests 
much has been learned about this condition, however, certain 
featuies still lemam inadequately explained The basic reason 
for the liydiops is not settled, and piobably will not be finally 
determined until chemical analysis of the fluids have been 
further developed Information pertaining to certain fea¬ 
tures, such as the recruitment phenomenon, has been obtained 
through experimental piocedures, howevei, the fluctuating low 
tone deafness seems to have so fai eluded an adequate explana¬ 
tion Clinical observation has indicated that a Meniere’s 
disease may exist without vertigo and without pioducmg 
the distortions of the vestibulai portion of the labyrinth 
characteristically found m those eais which have come from 
patients who had Menieie’s disease with attacks of vertigo 
Histologic confirmation of this opinion that Menieie’s disease 
may occur without vertigo has been affoided by a case which 
has recently come through oui laboratory In this particular 
case there was no history of attacks of \ ertigo The character- 
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The cause of neive degeneration associated with otosclerosis 
is not yet definitely known Di Cawthome has piesented 
his view to you on tins pioblem, yet on the basis of the his- 
topathology m some advanced cases of otosclerosis there has 
been evidence of nutation of the mnei eai and both degeneia¬ 
tion of the sensory stiuctuies and a labyrinthitis ossificans 

Factual mfoimation is also needed to explain the seveie 
deafness which sometimes follows relatively mild tiauma 
to the head Experimental woik has furnished much informa¬ 
tion lelative to acoustic tiauma and the effect of high inten¬ 
sity noise on the mnei eai, howevei, none of these expeu 
ments has adequately explained the piofound deafness, some¬ 
times unilateral and sometimes bilateial, which may lesult 
fiom sti iking the head on the pavement, foi example, without 
causing unconsciousness and sometimes without evidence of 
fiactuie 

It appears from the clinical couise that m this type of case 
the pathology diffeis fiom that pioduced expeiimentally by 
severe blows to the head It is not explained on the basis of 
a tiansveise fractuie of the pyiamid, since theie is no X-iay 
evidence, and theie is sometimes some recovery of function 

Anothei gioup of mnei eai disturbances about which we 
have had very little information legal ding the undei lying 
pathology is due to virus diseases Deafness has been a fre¬ 
quent complication of some contagious diseases, particularly 
mumps, measles and typhus Sudden seveie mner eai deaf¬ 
ness has occuned sometimes m relation to a simple upper 
lespnatory infection with 01 without a non-suppuiative otitis 
media, 01 as a part of certain less common syndiomes affect¬ 
ing also the oculai appaiatus, the salivary glands or the 
cential nervous system and meninges There has been an 
almost complete lack of information as to pathogenesis and 
pathology The only vn us disease m which the histopathology 
of an mnei eai complication has been demonstrated has been 
measles We have been able to find only two definitive re¬ 
ports on the pathologic pictuie pioduced by the measles viius 
m the mnei eai, and we have recently added one bilateial 
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case showing innei eai invasion bj the measles vnus In this 
case the finding could be described as an endolymphatic laby- 
nnthitis resulting fiom duect invasion of the endolymphatic 
system by the vn us by w ay of the sti ia vasculai is 

In a case lepoited some veais ago by Piofessoi Nagei, the 
evidence indicated that a meningoencephalitis had been pres¬ 
ent with duect extension fiom the subarachnoid space to the 
penlymphatic compartment of the labjnnth Theie aie also 
othei types of cases m winch clinical cncumstances suggest 
that theie mav have been a duect extension of a vuus infec¬ 
tion 01 its toxic effects tlnough the labyimth windows fiom 
the middle eai The factual information regaidmg tins type 
of injury to the innei eai is scanty In tins, as m many 
other diseases of the eai, theie is still a paramount need foi 
histopathologic evidence as to what takes place in the mnei 
eai and m the neuial appaiatus 

One of the diseases which has been most mtnguing to the 
otologist, and also to those of you cairjmg on leseaich on 
the function of the cochlea, is that known as Menieie's dis¬ 
ease The chaiactenstics of the auditory disturbances in 
this condition have been unique With the accumulation of 
histopathologic evidence and the development of healing tests 
much has been learned about this condition, liowevei, certain 
featuies still lemam inadequately explained The basic leason 
foi the hydiops is not settled, and piobably wall not be finally 
deteimmed until chemical analysis of the fluids have been 
furtliei developed Information pertaining to certain fea¬ 
tuies, such as the lecruitment phenomenon, has been obtained 
through experimental pi oceduies, howevei, the fluctuating low 
tone deafness seems to have so fai eluded an adequate explana¬ 
tion Clinical observation has indicated that a Menieie’s 
disease may exist without vertigo and without pioducmg 
the distortions of the vestibular portion of the labyrinth 
chaiactensticallv found m those eais which have come fiom 
patients who had Menieie’s disease with attacks of vertigo 
Histologic confirmation of this opinion that Menieie’s disease 
may occui without vertigo has been affoided by a case which 
has lecently come through oui laboiatory In this particular 
case theie was no history of attacks of vertigo The cliaiactei- 
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istics of the heaung loss, howevei, were such that a diagnosis 
of piobable Menieie’s disease was made The histologic 
sections fiom the affected eai have shown the chaiactenstic 
hydiops of the cochleai pait of the labyunth, but theie was 
no distortion of the vestibulai portion I am not aware of 
any othei case on lecoid which has affoided definitive in¬ 
formation on this particulai point 

Theie aie many othei pioblems pertaining to heaung im¬ 
pairment which aie fai fiom being adequately explained One 
of the gieatest pioblems which has faced the leseaich worker 
m the field of heaung has been the difficulty m obtaining 
factual mfoimation legal ding the pathologic piocess which 
has pioduced the distuibance 

It is obvious that a pnmary lequnement for the undei- 
standmg of distuibances of function is a complete knowledge 
of the physiological piocesses involved in heaung and main¬ 
tenance of equihbiium It is, howevei, evident to the otologist 
that there are gi eat gaps in information 1 egai ding the patho¬ 
logic states which cause the functional distuibances, and that 
mci eased effoits to obtain such mfoiamtion is an uigent 
need 

* * * 


WEDNESDAY AFTERNOON SESSION 

The International Confeience on Audiology convened at 2 
o’clock PM, m the Auditonum of the Washington Umvei- 
sity School of Medicine, St Louis, Missoun, Di Joseph 
Eilangei, Washington Univeisity School of Medicine, pie- 
sidmg 


NEURAL MECHANISMS IN AUDITION 
Robert Galambos, 

Waltei Reed Aimy Institute of Reseaich, 
Washington, D C 

My discussion of Listening and Pitch Peiception will of 
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necessity be brief, foi m the 30 minutes at mv disposal I shall 
be obliged to paint the pictuie with a 'very wide brush Re¬ 
cently published accounts of these matters are, howe\ei, 
available foi those of jou who wish moie details 

LISTENING 

I am suie all of us heie lecogmze the distinction between 
“listening” and “not-listenmg ” Duimg this Congiess we 
have heaid the phenomenon lefeired to lepeatedly, with such 
terms as “cential deafness,” “central factois in deafness” and 



Fig 1 Cat a\ Ith eight Implanted Electrodes for E E G Studies 


“heaung but not peicemng” being emploved The mam idea 
behind these concepts is that while the cochleai appaiatus 
within the tempoial bone may be entnelv normal and fully 
capable of aiousmg impulses m the auditory neiwe, a cential 
auditory appaiatus must also be acting m a special and pai- 
ticulai wav if sounds aie to piovoke l espouses from animals 
and men A moment’s reflection tells us that the brain must 
indeed be oigamzed m one way when we listen and m another 
way when we do not One of the tasks of the auditoiy neuio- 
phvsiologist, it seems to me, is to define as best he can the 
difference between these two states 

Vanous attempts to do this have emploved cats like that 
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shown m Fig 1 70 > 10 Wne electiodes weie implanted in the 
biam many weeks eailiei, and these were led to the outside 
thi ough the connectoi seen attached to the skull In this way 
the E E G was made available foi study whenever desned, 
and the animal could be examined at any time m the un- 
anesthetized state 

Fig 2 shows some lecoids fiom such ■an animal The uppei 
line m each section shows the time at which an auditoiy 
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rig- 2 Brain responses to click stimuli from a cat like that shot! n In 
Pig 1 1 Electrodes 2 through 6 are located 2 mm apart in the Horsie}- 
Clarke A-18 plane 6 and 5 are In subcortical white matter and 4 3 ana & 
are in the caudate nucleus The size of the brain response obtained to a 
constant click stimulus seems to depend upon such "variables as sleep ana 
attentiveness 


stimulus—in this instance a click of model ate intensity—was 
piesented through a loudspeaker Notice that the EEG 
response to this sound is not uniform m size in the cochleai 
nucleus 01 the auditory cortex, and that on occasion the stimu¬ 
lus evokes responses fiom paits of the brain (caudate nucleus) 
not considered m text books to be part of the auditoiy system 
of neuions The study of many lecoids such as this suggests 
the conclusion that auditoiy stimuli of constant strength do 
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not mvanablv pioduce the same effects upon the biam, noi 
aie then effects limited to those biam aieas conventionally 
consideied to be auditoiy m function 

The demonstiation that a fixed stimulus may yield a fluc¬ 
tuating biam 1 espouse leads natuially to the question of 
whethei the lesponse is laige \\hen the animal “listens” and 
less so when it does not This idea is cleaily suggested in 



Fig" 3 Effect of a simple conditioning- procedure upon the amplitude 
of response exoked bx click. Upper record small amplitude responses 
from animal exposed to click dax and night for mam daxs loxx er record 
larger amplitude to same click after It had been paired xvlth shock To 
prexent muscle artifacts the animal was treated x\ Ith a curare-like sub¬ 
stance prior to the loxver recordings 


Fig 2, wheie the cat attends to a visual stimulus, the animal 
is piobably not attending to the click at that time, and the 
diminished size of the lesponse to clicks may be taken to 
conespond with this fact 

In the attempt to exploie this possibility systematically the 
lecoi dings of Fig 3 weie made The lecoids m the lowei 
part of that figuie weie made aftei the clicks had been paued 







with shocks to the skm Responses to the clicks aie unit oral¬ 
ly laige m size It was oui intention to condition the cat to 
expect a shock in the piesence of the click, and apparently 
the clicks did ultimately become a signal foi the cat that an 
unpleasant event was about to occur The lecords m the 
uppei part of the figuie, on the othei hand, had been made at 
an eaihei time when the cat had been m the piesence of the 
same click for many houis, and seemed to be paying no at¬ 
tention whatevei to them, the EEG responses to clicks 
turn out, as expected, to be relatively smallei and con¬ 
siderably less widespread thioughout the biam m the habitu¬ 
ated as compaied to the conditioned state 7 

The variation m amplitude of the auditoiy cortical le- 
sponses in Fig 3 will come as no surprise, since it is generally 
thought that the coitex participates m some important way 
m the attentive function under exploration The demonstra¬ 
tion that much the same phenomenon takes place in the 
cochlear nucleus, howevei, demands that the auditory neivous 
system thioughout its entue length be undei the control of 
neural mechanisms that modulate incoming messages, allow¬ 
ing impulses to pass at one time and preventing their passing 
at others Unfortunately, we do not completely undei stand 
what these conti oiling mechanisms actually are, but an exam¬ 
ination of the known anatomy of the auditory system piovides 
some speculative possibilities 

Fig 4 shows, on the left, the classical ascending fiber path¬ 
ways shown m most text books, as well as the newer routes by 
way of the leticulai formation and to the cerebellum that 
have come to be known over the past 15 yeais (see 3 ) 
On the light, by contrast, are shown the fiber tracts that de¬ 
scend fiom the cortex to end up finally m the cochlea itself 
This descending system was known m part to Cajal, to 
Loiente de No and to others of the classical schools of neuro¬ 
anatomy, but the modem concept of its course and distribu¬ 
tion is due largely to the efforts of Dr Grant Rasmussen 
His most notable contributions 1213 have shown that a bundle 
of fibeis originating m the legion of the superior olivary 
nuclei terminates on or near the internal hair cells This 
olivocochlear bundle represents the terminal line in the neural 


Fig 4 Diagram of the auditory pathways showing ascending and de¬ 
scending connections 

turns at the piesent time also involve to varying degrees the 
limbic system m the forebram and the reticular formation m 
the mesencephalon, but these details need not be stressed 
further Instead, let us consider some evidence that the 
olivocochlear bundle of Rasmussen has a definable physiolog¬ 
ical function m the cat, and by inference m any other animal 
(including man), with a bundle of Oort m its Vlllth nerve 
complex 

Fig 4 summarizes the essential feature of this study, 4 
showing that the amplitude of the auditory nerve response 
to a click stimulus is significantly reduced if a barrage of 
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impulses is simultaneously aruvmg at the cochlea via the 
olivocochleai bundle This final link m the descending chain 
of neuions thus has an mhibitoiy effect upon the auditory 
system, pi eventing the aiousal of the expected amount of 
neive activity to a standard click stimulus It should be 
noted that this inhibition was demonstiated by deliveimg 


SHOCK 

(SlBOTl 



Pig E Anatomical plan of the olivocochlear pathway and illustration 
of its function The cross section shows cells of orJg-ln (OSA) and anatom¬ 
ical course of fibers to the cochlear spiral Shocks applied here tne 
fibers decussate markedlj reduce the amplitude of the auditor* nerve 
discharge (Ni) e\ oked hy a click without influencing the hair cell re¬ 
sponse (M) 


electucal shocks to the medulla of anesthetized cats, and that 
it has not as vet been shown to occur natuially m noimal 
animals, so we cannot be ceitam m extrapolating these data 
to the normal case, nevertheless, the final link m the descend¬ 
ing system acts as an inhibiting mechanism m these physio¬ 
logical piepaiations, and fiom this fact we may, perhaps, be 
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permitted to mfei that the piobable lole of the entile system 
m the normal animal is at least m part an mhibitoiy one 

These fust effolds to study the pioblem of “listening” can 
be summanzed as follows The attentive animal is chaiactei- 
lzed by large E E G lesponses spiead thiougliout its bram, 
aieas being included that ordinal lly aie not consideied to be 
part of the auditory system The inattentive animal shows 
lesponses in fewei biam locations, and these aie small m 
size The vanation m size occuis thiougliout the auditory 
system, being appaient even at the cochleai nucleus, the fust 
synapse m the auditory system The descending pathway 
lepiesents a possible neuial mechanism foi causing the ampli¬ 
tude vanations, and its final link, the olivocochleai pathway, 
is known to function as an mhibitoi Much obviously 1 emams 
to be done, howevei, befoie the pioblem is finally solved 

PITCH PERCEPTION 

Of all the pioblems of hearing, that of how we peiceive 
pitch has undoubtedly leceived the lion’s shaie of attention 
by expeiimentalists Many lecent reviews of this topic aie 
available, 131_ 18 and so my efforts today need not attempt 
compiehensiveness Instead let us considei some old and new 
studies with mici oelectrodes that seem to lllustiate the major 
punciples thus fai elucidated These micioelectiodes, you 
will recall, allow the action potentials of a single biam cell to 
be isolated foi study The way the cell responds to the vanety 
of sounds to which the eai is subjected, constitutes the law 
data out of which an understanding of the biam is to be 
fashioned If we collect data fiom a sufficiently large num- 
bei of such cells we can hope to cieate a complete and satis¬ 
factory pictuie 

Fig 6 piesents some of the eai best lecoids taken fiom the 
auditoiy system with this technique 5 When the woids 
“Vmth neive” were spoken m the vicinity of the cat, a unit 
in the cochlear nucleus leacted briskly, as is shown there It 
has since been repeatedly demonstiated that auditory units 
m all the auditory nuclei are similaily sensitive to sounds, 
and when pure tones are employed they lespond to a limited 
and lestiicted band of them This fact is demonstrated for 
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FIk* C Response of a single cell In the cochlear nucleus to spoken 
words Microelectrode recording from anesthetized cat 



Fig 7 Response areas for threo separate cells in the cochlear nucleus 
of the anesthetized cat Ordinate intensity In db below reference le' 01 
for tones given on abscissa The ‘best frequenc\ of each cell is written 
next to the triangular response area that encloses all tones found adequate 
for its stimulation 


thiee units in Fig 7, wheie the tones that excite any given 
unit aie seen to fall m a limited part of the sound spectium 
The tuangulai ‘Response aiea” thus expelimentally defined 
pioves conclusively that auditoiy units function physiolog¬ 
ically m the mannei suggested by then anatomical connec¬ 
tions, namely, by lespondmg to limited bands of tones The 
basic idea of Helmholtz, which was that some unique spatial 
con elate exists in the biam foi each peiceived tone is, tlieie- 
foie, essentially confnmed, although the details of how this 
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comes about is a somewhat moie elaboiate story than I can 
give you here (but see 131516 ) 

Fig 8 shows the expel imental demonsti ation of the place 
punciple in the case of the cochleai nucleus 14 The path of a 
micioelectiode tiack is shown theie m a saggital section of 
the nucleus The electiode enteied the doisal cochleai nucleus 



Fig S Plot, on a saggrital section of the cochlear nuclei of the cat of 
the best frequencies encountered during- a particular microelectrode 
puncture Note orderl\ decline of frequency in both the dorsal (Dc.) and 
the anterior ventral (A\ ) segments indicating that projection of the 
basilar membrane to this nuclear mass is tonotopic 


fiom behind and pioceeded successively through the postenoi 
and antenoi vential cochleai nuclei The numbeis in Fig 8 
lepiesent the tone frequencies found by physiological methods 
to be best lepiesented at the indicated position It is cleai 
that an oideily arrangement exists in the vanous segments 
of this complex nucleai mass A similai tonotopic anange- 
ment has been uncoveied throughout the auditory syste m 
wheiever it has been sought experimentally 

We can conclude, therefoie, that the evidence is heavy m 
support of the idea that the place m the biain wheie a tone 
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600 cps 115 db L E 

Fig- 9 Responses of a single cell to tones Anesthetized cat Electrode 
location lov\ er right accessory superior olivary nucleus Each segment 
of the figure shows at left the spontaneous activity of the unit and on 
the sw ept traces the unit response (top line) the cochlear round -ulndov. 
response (middle) and the electrical signal delivered to the eaiyhone 
(bottom The tone frequency employed Is written on the left member oi 
each pair of records to which it pertains The best frequency for this 
unit as 600 cps the stimuli ere applied to left ear with recording on 
the right side 


pxoduces its effects is somehow important for oui ability to 
peiceive pitch, but what about that other peisistent idea of 
how tone frequency is handled, namely, that each nerve fiber 
lesponds at the fiequency of the tone’ Fig 9 shows that, 
to a lemaikable extent, this idea is correct also The unit 
pictuied theie was isolated in the supenoi olive 0 It re¬ 
sponded to tones up to 1100 cps, and the pictures make it 
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cleai that it often did so by dischaigmg once to each sound 
wave cvcle The pictuies also make it evident, howevei, 
that the unit sometimes skipped responding, and that it would 
on occasion respond twice to a smgle sound wave cycle The 
facts, nevertheless, unequivocally support the idea that tonal 
frequency can be centially lepiesented as nerve dischaige 
frequencv We do not as yet know precisely how to evaluate 
the relative importance of the two principles—place and fre¬ 
quency of nerve dischaige—m the mechanism of biam action 
that results m pitch peiception We can be certain only that 



Fig: 10 Suppression of cochlear nucleus cell responses by tones Anes¬ 
thetized cat A.—The spontaneous activity of a unit disappears so long: as 
a tone (white line below record) is on B — A unit excited b\ one tone 
(long: white line) «=tops completelv so long as a second tone (short line) Is 
slmultaneouslv sounding" 


the frequencv principle must be of limited utility for tones 
abo\e 1000 or 2000 cps 

Besides the place and frequency principles there are at 
least two othei facts about the auditory bram that almost 
certainly are relevant to the pitch problem The first of 
these is that a low tone activates a larger amount of the 
auditory bram than does a tone of high frequency This is 
true, because the pattern of cochlear motion aroused by low 
tones spreads from base to apex along the basilar membrane, 
thus sweeping across the entire neural complement of the 
cochlea The pattern evoked by high fiequency tones, by 
conti ast, is lestncted to the base The consequences of this 
fact are not entirely understood, but it is already clear that 
any partial damage to the VHIth nerve that involves fibers 
from the various parts of the basilar membrane in equal 
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pioportions yields a selective loss of healing foi high fre¬ 
quencies 811 

The second ancillary fact is illustrated in Fig 10 We 
ordinarily think of the auditory stimulus as ci eating excita¬ 
tion, or increased nerve activity, when it is presented to the 
eai This is certainly the case for many single units in the 
brain, as can be seen m Figs 6 and 9 In Fig 10, on the 
other hand, what the stimuli do is to suppress the ongoing 
activity rathei than to create more of it (see 2 ) This 
inhibitory effect of tones is a geneial phenomenon observable 
at all levels m the auditory system including the cortex 

This demonstiation that a particular tone causes certain 
units to stop firing and others to file more bnskly, probably 
means that the oveiall effect of the tone is to cieate areas of 
activity interspersed among cellulai aieas in which activity 
has been suppiessed Presumably the exact locations and 
extents of such excited and inhibited areas are of significance 
as central correlates of the tonal fiequency (see 3 ), but no 
cleai picture of how this exactly occurs can yet be given 

Theie are, then, the four factois known to play some lole 
m the central mediation of the expenence of pitch The well- 
known place and frequency pnnciples clearly are m operation 
The "place” involved by a given tone must, however, be con¬ 
ceived as collections of neural loci, m some of which increased 
activity occurs, whereas decreased activity occuis m otheis 
The configuration of excited and inhibited "places" vanes as 
the tone frequency changes, and this geographical (tonotopic) 
con elate foi pitch is the one most securely established by 
expel rmental data The "places" involved, finally, are moie 
extensive and widespread through the auditory nuclei when 
the tone is low as opposed to high m frequency How the 
central nervous system produces the sensation of a tone out 
of these bits and sciaps of information remains a complete 
mystery 
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Ichiji Tasaki, 

National Institute of Neurological Diseases and Blindness, 

Bethesda, Md 

Dr. I Tasaki Dr Galambos has just given us a very 
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mtei estmg suivey of the pioblem of how the nerve fibeis 
and cells m the auditory pathway tiansmit neive impulses 
to the cential nervous system He has shown us cleaily 
that the function of the auditoiy pathway is not only to tians- 
mit messages to the cential nervous system but also to assort 
and classify the messages befoie they leach the brain, 01 
sometimes, to eliminate some of the messages befoie they 
leach the cerebial coitex Now I should like to discuss the 
pioblem befoie us very buefly fiom a slightly diffeient angle, 
namely, m 1 elation to oui piesent day knowledge of moie 
general mechanisms found in the neivous system 

Sometime ago, Di Davis and I demonstiated the fact that 
the auditory neive fibeis ansing in the basal turn of the 
guinea pig cochlea respond to tones of any fiequency, high 
and low, while the fibers onginatmg m the apical turn ie- 
spond only to low fiequency tones (slide) These nerve 
impulses m the individual auditory nerve fiber obey the all-oi- 
none law They will not stop until they arrive at (01 neai) 
the synapses in then pathway The behavioi of these syn¬ 
apses m the auditoiy system is piobably veiy similai to that 
of othei excitatory 01 mhibitoiy synapses m the nervous 
system, theiefoie, physiological studies on the auditory path¬ 
way aie , m a sense, a sort of experimental study on synaptic 
transmission m the neivous system If the pattern of the 
nerve impulses ansing m the coclilea is accuiately given, the 
fate of these impulses will be determined simply by the stiuc- 
tuie of the nervous system This part of the pioblem is not 
specific to the auditory system 

The pioblem dealing with initiation of nerve impulses in 
the cochlea is, on the contiaiy, veiy specific to the auditoiy 
system, because the structuie of the mnei eai is very dif¬ 
feient fiom that of other mechanoieceptois Let us take a 
look at a pictuie illustrating the familial stiuctuie of the 
cochlea (slide) When we mtioduce a glass pipette electiode 
into vanous parts m the cochlea, it is found that the electnc 
potential m the space occupied by endolymph is 80-90 mv 
positive to that of the perilymph (Bekesy) It appears to us 
that the fluid m the space between the basilai membiane 
and the leticulai lamina is 70-80 mv negative to the penlymph 
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These dc potentials can be intei pi eted as devices foi m- 
cieasing the sensitivity of the neive fibeis to electiical stimuli 
Miciophonics and othei slowly changing potentials aie un¬ 
doubtedly signs of intei mediate piocesses which link the 
mechanical events with the piocess of initiation of nerve 
impulses 

A few days ago Di Rasmussen gave us a special stiain of 
guinea pigs, waltzing guinea pigs He gave us thiee of them, 
and we used foui, that means we took one moie after he left 
to attend this meeting These guinea pigs show no sign of 
miciophomc lesponses They have no hail cells m the 
cochlea The story that the hail cells aie responsible foi 
generation of miciophomc lesponses is safe, but, we found 
a dc potential of about 80 mv m the endolymphatic space and 
also a stiong negativity m the space between the leticulai 
lamina and the basilai membiane A few years ago some¬ 
body aiound heie made an attempt to attnbute the endo¬ 
lymphatic dc potential m the cochlea to the function of the 
hail-cells That was a mistake, my mistake At piesent 
theie is no doubt that the positive potential is geneiated by 
some oxidative metabolism in the stna vasculans 

In conclusion theie is a very mtnguing pioblem m Di 
Galambos’ presentation. That is the pioblem of how the 
electnc lesponses in the auditory nerve fiber aie suppiessed 
by stimulation of the ohvocochleai nerve bundle In geneial, 
it is extiemely difficult to suppiess an all-oi-none lesponse m 
the neive fibei All the inhibitory processes that have been 
demonstrated m other parts of the neive system take place 
at the site of initiation of nerve impulses, namely, at the 
pace-makers 

I am assuming that Di Galambos’ electrical stimuli weie 
limited to the fibeis m the ohvocochleai bundle Undei 
tins assumption, the most probable explanation of the phe¬ 
nomenon is to attnbute it to secietion of some inhibitory- 
substance which laises the threshold of the neive endings to 
mechanical stimuli A somewhat similai phenomenon has 
been reported recently by Dr Leowenstem m the mechano- 
receptoi m the skin ( Nature , 178 1292, 1956) 
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ANATOMICAL DISCUSSION OF THE PAPER 
GIVEN BY DR GALAMBOS 

Grant L Rasmussen, 

National Institute of Neuiological Diseases and Blindness, 

Bethesda, Md 

I have closely followed the studies of Di Galambos duung 
the past seveial yeais, and have often wondeied about the 
function significance of this stiange system of auditory 
neiuons which couise backwaid in an unorthodox fashion 

It is not necessaiy to leview the geneial plan of the as¬ 
cending and descending auditoiy pathways, since Di Galam¬ 
bos has aheady done this with the aid of his Fig 4 To be 
suie his schema of the cncuits was necessanly simplified foi 
his piesentation 

Oiu mam mteiest piesently concerns the less well-known 
descending 01 lecunent conduction chain of auditoiy neuions 
which extends fiom the ceiebial auditoiy coitex to the cochlea 
itself It has been possible to leveal tins system of libel’s by 
means of axonal and teiminal degeneiation methods 1234 
These fibeis aie foi the most pait intei mixed with those of 
the ascending system, which constitutes by fai the gi eater 
numbei of fibeis The lecunent fibeis hold constant posi¬ 
tional lelationslup and, moreovei, aie intei connected m an 
oideily fashion, piojectmg fiom definite cell gioups of highei 
levels to paiticulai cells of any one of seveial auditoiy nuclei 
Foi example, ceitam neuions of the mfeiioi colliculus and 
doisal nucleus of the lateial lemniscus connect bilateiallj T 
with paiticulai cell gioups of the doisal cochleai nucleus, 
and of the supenoi olivaiy complex, thus we see evidence 
of a cei tain specificity in the descending system, the meaning 
of which is not undeistandable to me at this time 

Having descubed some of the geneial anatomical featuies, 

I will now' piesent a moie detailed descuption of the pattern 
of distnbution of the descending svstem, as found at the level 
of the biam, which holds most mteiest at tins time I show a 
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figuie of a tiartsAerse cut of a cat’s medulla oblongata at the 
level of the olivary complex and olivo-cochleai bundle, which 
includes also the cochlea This is similar to Fig 5, shown by 
Di Galambos, except that heie the lecunent fibeis coming 
fiom the mferioi colliculus aie displayed 

Here within the confines of the cncumscubed area in¬ 
dicated, aie scatteied fibers 'which degenerate following a 
lesion of mfeiioi colliculus and/oi dorsal nucleus of the lateial 
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lemniscus Some of these fibeis entei and teiminate in that 
pait of the oli\ ary complex that has been pieviously detei- 
mmed as the site of origin of the olivo-cochleai bundle, the 
fibers of winch terminate m the cochlea perhaps about hail 
cells, howevei, substantial anatomical proof is still lac kin g 
on this point 

While some fibeis end m the medial two segments of the 
olivary complex, a very impiessive numbei of fibeis continue 
on thiough the tiapezoid body to leach and disperse them¬ 
selves within the doisal cochleai nucleus of both sides 

This may well be one of the important pathways concerned 
with suppiession of neuial activity of the cochlear nucleus 
from highei levels, as has been mentioned bv Di Galambos 
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This effeient packet of fibeis that enteis the cochleai 
nucleus would seem to be identical with that fust described 
by Held, 15 and latei by Loiente de No, 0 m Golgi piepaiations 
Wlnle both lecognized its effeient natuie, neithei weie able 
to deteinnne whence it came 

Finally, I would like to mention that m lecent studies I 
have been able to demonstiate anatomically seveial other le- 
cunent conti lbutions to the cochleai nucleus that ongmate 
fiom biam legions not usually consideied auditory in function 
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CLINICAL DISCUSSION OF THE PAPER 
GIVEN BY DR GALAMBOS 

J S Riesco Mac-Clure, 

Neuio-Suigical Institute, 

Santiago, Chile 

I am afiaid that what I have to say fiom the clinical point 
of view is not veiy satisfactoiy, because I have been moie 
concerned with vestibulai distuibances than with those of the 
cochlea, howevei, I will lefei to the lesions m the biam stem, 
lesions due to tumois, encephalitis, hemonhages and concus¬ 
sions Between 1950 and 1957 we have seen 76 cases of this 
kind at the Neuiosuigical Institute in Santiago, Chile The 
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contiast between the uch vestibulai symptomatology and the 
pool coclileai symptomatology is suipiismg 

Disoi dei-s of the equilibiium, spontaneous nystagmus and 
positional nystagmus, and maiked alteiations m the calouc 
lesponses weie found in almost 100 pel cent of the cases On 
the othei hand, the audiometnc examination was always 
normal, 01 almost noimal, even m those cases m which a 
bilateral vestibulai paialysis was found Piecisely this 
coclileai and vestibulai dissociation, m vlnch the vestibulai 
nerve is paialyzed and the coclileai is noimal, is an important 
sign of a destructive lesion m the vestibulai aiea of the flooi 
of the fourth ventricle 

We have been anxious to see what happens when only the 
cochleai nucleus at the medulla is involved We believe that 
the following case shows something A 20-yeai-old man was 
admitted at the Neuiosuigical Institute with the suspicion 
of a biam tumoi Aftei an exhaustive neuiological examina¬ 
tion, and after a two-month follow-up, the diagnosis of en¬ 
cephalitis due to viius infection was made Befoie becoming 
ill this young man nevei complained of hearing loss noi loss 
of balance 

The audiogiam showed a normal left eai and a healing 
loss of the ascending type m the light eai with no lecnut- 
ment, but with diplacusis At the same time the calongiam 
showed a total paialysis of the light vestibulai blanch and 
paiesis of the left vestibular branch Even more, with watei 
at 18 degiees during a 60 second n ligation a pel verted vei- 
tical nystagmus was seen 

The patient also had spontaneous nystagmus to the left, 
a maiked loss of balance and involvement of the Vlth nerve 
on both sides In the absence of leciuitment, bilateral coch- 
leo-vestibular dissociation, perverted nystagmus, and neuio¬ 
logical involvement of central natuie of both Vlth neives, 
we diagnosed a partially destiuctive lesion of the flooi of the 
fourth ventricle Not only a partially destructive lesion of the 
vestibular aiea, but also a partially destructive lesion of the 
right cochleai nucleus, was found 
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This effeient packet of fibeis that enteis the cochleai 
nucleus would seem to be identical with that fust described 
by Held, 5 and latei by Loiente de No, 6 m Golgi piepaiations 
While both lecognized its effeient natuie, neithei weie able 
to deteimme whence it came 

Finally, I would like to mention that in lecent studies I 
have been able to demonstiate anatomically seveial othei le- 
cunent contributions to the cochleai nucleus that originate 
fiom biam regions not usually consideied auditory m function 
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CLINICAL DISCUSSION OF THE PAPER 
GIVEN BY DR GALAMBOS 

J S Riesco Mac-Clure, 

Neuro-Suigical Institute, 

Santiago, Chile 

I am afiaid that what I have to say fi om the clinical point 
of view is not very satisfactoiy, because I have been more 
concerned with vestibulai distuibances than with those of the 
cochlea, howevei, I will refei to the lesions m the biam stem, 
lesions due to tumois, encephalitis, hemonhages and concus¬ 
sions Between 1950 and 1957 we have seen 76 cases of this 
kind at the Neurosurgical Institute m Santiago, Chile The 
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conti ast between the uch vestibulai symptomatology and the 
pool cochleai symptomatology is suipusmg 

Disoideis of the equilibnum, spontaneous nystagmus and 
positional nystagmus, and maiked alteiations in the calouc 
lesponses weie found m almost 100 pel cent of the cases On 
the othei hand, the audiometnc examination was always 
noimal, 01 almost noimal, even in those cases m which a 
bilateial vestibulai paialysis was found Pieciselj r this 
cochleai and vestibulai dissociation, m which the vestibulai 
neive is paialyzed and the cochleai is normal, is an important 
sign of a destructive lesion m the vestibulai aiea of the flooi 
of the fourth ventucle 

We have been anxious to see what happens when only the 
cochleai nucleus at the medulla is involved We believe that 
the following case shows something A 20-yeai-old man was 
admitted at the Neuiosuigical Institute with the suspicion 
of a biam tumoi Aftei an exhaustive neuiological examina¬ 
tion, and aftei a two-month follow-up, the diagnosis of en¬ 
cephalitis due to vnus infection was made Befoie becoming 
ill this young man nevei complained of heaung loss noi loss 
of balance 

The audiogiam showed a normal left eai and a healing 
loss of the ascending type in the light eai with no leciuit- 
ment, but with diplacusis At the same time the calongiam 
showed a total paialysis of the light vestibulai blanch and 
paiesis of the left vestibulai blanch Even more, with watei 
at 18 degiees duung a 60 second migation a perverted vei- 
tical nystagmus was seen 

The patient also had spontaneous nystagmus to the left, 
a marked loss of balance and involvement of the Vlth nerve 
on both sides In the absence of lecruitment, bilateial coch- 
leo-vestibular dissociation, perverted nystagmus, and neuio- 
logical involvement of cential nature of both Vlth nerves, 
we diagnosed a partially destiuctive lesion of the flooi of the 
fouith ventucle Not only a paitially destructive lesion of the 
vestibulai aiea, but also a partially destructive lesion of the 
light cochleai nucleus, uas found 
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Appaiently these lesions weze meveisible, because aftei 
six months, although the patient was much bettei fiom the 
neuiological pomt of view, the functional examination of the 
Vlllth nerve gave exactly the same lesults 

We believe, then, that the deafness due to a lesion of the 
cochleai nucleus is veiy similai to the deafness due to an 
acoustic tumoi Unfortunately, we have not done the speech 
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tests m oui patients because, as I have alieady pointed out, 
we have been moie concerned with the vestibulai system 

Di Lindsay has descubed what he calls “deafness of sudden 
ongm and indefinite etiology" It is possible that some of 
these cases aie due to lesions m the cochleai nuclei 

A 19-yeai-old woman awakened one morning with stiong 
tinnitus and total deafness m the right eai She also had 
some dizziness and loss of balance, but she could continue liei 
school duties We saw hei foui months after this had hap- 
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pened The otoscopic examination and the vestibulai tests 
were normal 

The audiogiam showed a nerve type of healing loss at 
right, with absence of lecruitment and with a normal differ¬ 
ential limen, which does not com espond to a lesion m the end- 
oigan 
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The fact that this deafness of sudden oiigm and indefinite 
etiology is possible of a complete oi partial lecovery, as we 
have seen m a few instances, suggests that the lesion is m 
the cochleai nucleus and not m the end-oigan Obviously we 
are not talking about endolymphatic hydi ops Wien recovery 
takes place, this happens in the fust thiee weeks, not after 
We have seen patients who had a complete unilateial deaf¬ 
ness, and within nme to 15 days were totally lecovered We 
may assume that if the organ of Corti had been damaged 
no recovery would have been possible 

Patients with stem brain lesions aie not numeious, and 
when one is found, usually its geneial condition is bad As 
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we aie asked fox a localization diagnosis, we go thiough all 
the functional examination of the VUIth nerve, with particu¬ 
lar emphasis on the equilibnum tests, ceiebellar and vestibu- 
lai tests (central and penpheral), which aie most important 
for oui puipose, howevei, we feel now that if the neuro- 
suigeon is not m a huiry, and if the patient is not too bad, 
we can go thiough a moie complete audiologic examination 
m 01 der to coi 1 elate the clinical findings with the histopatho- 
logical ones, as we have been doing with the vestibular dis- 
ordeis 

For example, heie is a case m which the cochlear study 
was veiy poor as compaied with the vestibular inteipreta- 
tion A 47-yeai-old man had an adenocaicmoma of the thyioid 
gland with multiple metastasis in the lungs and in the cential 
neivous system He died befoie any suigeiy was performed 
The VUIth nerve examination showed, as usual, a very nch 
vestibular symptomatology, which led us to the diagnosis of a 
partially destiuctive lesion of the right vestibulai aiea on 
the flooi of the fouith ventricle Accoidmg to the patholog¬ 
ical findings, the diagnosis was conect, and an 8 mm diametei 
metastasis had partially destroyed the right vestibulai nuclei, 
but we venfied a peculiar hearing loss which we could not 
intei pi et 

The audiogiam showed that this patient had a slight 
healing loss on left ear and moderate deafness on the light, 
with a Webei lateialized to the light The middle ears were 
noimal The leport of the pathologist showed that a small 
metastasis involved the light olive m the medulla 

Another case, a 42-yeai-old man, had a cleai symptomatology 
of a brain tumoi headaches, vomiting and very marked 
papillo-edema, but the neuiologists weie doubtful whether 
the lesion, the tumoi, was m the antenoi oi postenoi ceiebial 
fossae 

If the neuiological symptomatology was puzzling, the ie- 
sults of the VUIth neive examination were even more difficult 
to undei stand 

He had no hearing at left, but the vestibulai bianch, ac- 
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coidmg to the caloric lesponse was noimal On the right eai 
he had a model ate hearing loss, but no vestibular lesponse 
Besides this inverted dissociation, he also had a, spontaneous 
nystagmus to the left, b positional nystagmus, c complete 
loss of balance—could not stand upon Ins feet, d bilateral 
hypotony, and, e ataxia m the fmgei-nose tests and adiadoko- 
cmesia These ceiebellar symptoms weie bilateial 
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Fiom time to time we get cases such as this, in which the 
otoneuiological diagnosis is almost impossible, because theie 
is a cochleai paialysis with normal vestibulai m one eai, and 
a cochleai paiesis with a vestibular paralysis m the opposite 
eai As though this weie not enough, the patient had a 
definite central vestibulai symptomatology and bilateral ceie- 
bellai symptoms 

You may ask what did the electroencephalogiam show’ 
It showed abnormal activity m the light ceiebial hemispheie 
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At the neciopsy a laige astiocytoma in the right cerebral 
hemispheie Avas found It was a laige, deeply located tumor 
which stiongly compiessed the biam stem at the mcissura 
tenton This was undoubtedly the cause of the cential ves¬ 
tibulai symptomatology The pathologist found that the tumor 
had invaded the right medial geniculate body and considered 
this lesion lesponsible foi the left total deafness and right 
partial deafness 

The contrast between the nch vestibulai symptomatology 
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and the pool cochleai symptomatology in cases of biam stem 
lesions is suipiismg I should say lathei that it is suipusmg 
the contrast between the attention we have given the vestibu- 
lai disordeis and the very 1 educed inteiest we have shown 
in the cochleai disoideis 

If any conclusion can be diawn out of these clinical ob- 
seivations, it is that, until the piesent moment, very few 
efforts have been made to leam what actually happens to 
the auditory function when theie is a lesion of the brain 
stem 
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FUNCTIONS OF THE AUDITORY CORTEX 
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Because of the lack of appiopnate clinical matenal, most 
of oui knowledge of the functions of the auditory piojection 
aieas of the ceiebial cortex must come fiom expenments 
done on animals othei than man In the last fifteen years, 
consideiable piogiess has been made m animal investigations 
Several factois have contiibuted to this piogiess 

1 The use of electiophysiological lecoidmg and stimulating 
techniques to define moie exactly the auditory patliwaj^s and 
centers m the central neivous system, 2 the use of new 
techniques of experimental suigery, 3 the development of 
impioved methods of testing auditory disci immation, U the 
application of standaid neuioanatomical proceduies to dis- 
covei new details of cortical and tlialamo-cortical oigamza- 
tion 

•Research on hearing vrhich is done in The Laboratorv of Physiological 
Psychologv is supported bv the Office of Naval Research and bv a grant 
from the Sonias Research Foundation, 
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In the following paiagiaphs some of the results of lecent 
studies which have investigated the role of the auditory 
cortex in sound discriminations, are briefly s umm arized 
Particular attention will be given to expeiiments done m our 
laboratoiy with only occasional reference to 1 elated studies 
done by othei investigators Emphasis will be placed upon 
experiments, in which behavioial methods weie used to test 
auditory disci lmmations before and aftei partial or total 
ablation of auditoiy cortex Since the auditory neivous system 
of the cat has been moie thoroughly exploied than that of any 
other animal, I shall confine most of my discussion to studies 
m which the cat was used as expenmental subject Buef 



Pig 1 Cerebral cortex of the cat showing- auditory areas X IP ®od Bp 
the insular-temporal region and projection areas of other sensory system 


mention will be made of paiallel studies which have been 
done on the monkey 

The auditory cortex, as it has been defined foi recent ex¬ 
periments, is shown m Fig 1 It consists of the aieas labelled 
AI, All, and Ep This map is based upon lesults fiom electio- 
physiological, cytoarchitectuial, and letiogiade degeneration 
studies 1234 

In 1943, Kryter and Ades 5 reported that the absolute 
thiesholds of the cat, as tested m a conditioned avoidance 
situation, weie unchanged by bilateral ablation of a region 
which included all of AI, All and Ep They made tests only 
in the frequency lange fiom 125 cps thiough 8000 cps, 
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but theie is no latei evidence to suggest that losses would 
have occuned foi lnghei fiequencies which the cat hears * A 
loss of the learned habit occuiied as a lule after the bilateial 
cortical ablations, but leleammg was at least as lapid as 
initial learning 

In similar studies, Raab and Ades' and Rosenzweig s have 
shown that no loss m capacity to discriminate small changes 
m intensity occuis aftei bilateial ablation of AI, All, and Ep 
Again the learned habit is affected, but post-opeiative le- 
learamg is lapid 

Seveial studies have shown that the auditory cortex of 
mammals (at least of the cat, dog and monkey) has a tono- 
topic 01 ganization, i e , as measuied by electiophvsiological 
lecoidmg from gioss electiodes a given point on the cortex 
has a lowei lesponse threshold foi a particulai fiequencv, or 
nanow band of fiequencies, than foi othei fiequencies in 
the audible iange 9410 Because of this tonotopic oiganiza- 
tion, it has often been suggested that the auditory cortex 
may be particularly impoitant foi disci lmmation of changes 
m fiequency 

Experiments done by Meyer and Woolsey, 12 and by Butler, 
Diamond, and Neff, 13 have shown that this is not true Fine 
discilmmations of fiequency can be made aftei complete 
bilateial lemoval of AI, All, and Ep 

Foi a numbei of leasons, a particulai ly important one 
being a consideiation of expenmental evidence on functions 
of visual cortex, it might be mfened that the auditory cortex 
plays an important part in pattern discrimination This m- 
feience is true, at least for disci lmmation of tempoial pat¬ 
terns of tones Diamond and Neff 14 have shown that aftei 
complete bilateial ablation of AI, All, and Ep, cats cannot 
discriminate two tonal patterns, one consisting of thiee tonal 
pulses ananged m the sequence, low-high-low, and the othei 
of the same tones piesented in the sequence, high-low-high 
If a region corresponding appioximately to AI is ablated 
bilateially, the animal can make this pattern disci lmmation 

•It has been sho’ipi that cats can learn to respond to tones at least as 
high as 60 000 cps* 
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and, in fact, shows no post-operative loss of the learned habit 
If all but a small lemnant of auditory coitex is ablated bi- 
lateially, theie is amnesia for the learned habit, but lelearn- 
mg occuis Jenson and Neff 15 have repoited similai lesults 
foi the monkey 

Anothei kind of discrimination, m which a deficit has been 
shown to occui aftei ablation of auditory cortex, is localiza¬ 
tion of sound m space Neff, Fishei, Diamond, and Yela, lc 
and Neff, Ainott, and Fishei, 1 " have shown that cats aie de¬ 
ficient m ability to localize sound m space aftei bilateral 
ablation of all 01 even of part of the auditory areas I, II, and 
Ep Aftei complete ablation of these aieas, an animal will 
localize accuiately an angle of about 40 degiees, wheieas the 
noimal animal, m the same situation, will localize a sound 
(buzzei) when the angle between separate positions in which 
it is piesented successively is as small as 5 degiees 

Fiom the post-opeiative study of the biams of animals 
used m some of the studies descnbed above, and from studies 
done by Rose and Woolsey, 2 a fanly clear pictuie of the gross 
thalamo-cortical i elationships has been obtained Aftei abla¬ 
tion of AI theie is complete, oi neaily complete, degeneiation 
of the antenoi half (appioximately) of the puncipal part of 
the medial geniculate body Aftei ablation of AI, All, and 
Ep the degeneiation extends postenoily to include the an- 
tenoi two-thnds of the geniculate Degeneiation in the 
postenoi pait of the geniculate is found only when the abla¬ 
tion is extended into the msulai and tempoial cortex vential 
to All and Ep In an unpublished anatomical study, Dia¬ 
mond, Chow, and Neff have shown that some degeneiation 
of the postenoi thud of the medial geniculate occuis after 
experimental ablations confined to the msular-tempoial 
legion Fiom a caieful analysis of the letiogiade degeneia¬ 
tion found m the medial geniculate aftei cortical ablation, it 
becomes cleai that theie is moie than one kind of projection 
fiom the medial geniculate to the cortex AI receives what 
Rose and Woolsey have termed “essential” projection, while 
All, pait of Ep, and the msulai-tempoial legion leceive 
“sustaining” projection, howevei, this two-category division 
is not sufficient, since it appeals that the kind of projection 
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to All, Ep, and to the msulai-tempoial legion may not be 
the same 

Attention having been called to the msulai-temporal cortex 
because of its anatomical lelationship to the medial geniculate 
body, expeiiments have been started to determine the lole it 
may play in auditory disci lmmation Results, which aie not 
yet complete, indicate that fiequency discriminations can be 
made aftei complete bilateial ablation of AI, All, Ep, and 
the msulai-tempoial legion (m some cases the ablations weie 
also extended anteiioily m the ectosylvian gyms to include 
somatic aiea II) A very sui prising finding has been that 
a severe, and peihaps complete, loss of pattern disci lmination 
occuis aftei bilateial ablation of the msulai-tempoial cortex 
alone, aieas AI, All, and Ep being left intact 18 This finding 
suggests that the msulai-tempoial legion serves a function 
consideiably moie impoitant than that of a receiving aiea 
foi affeient impulses Its mtegiity may be essential for the 
normal functioning of the othei auditory cortical aieas, or it 
may have to do with the tiansmission and utilization of audi- 
toiy information which is leceived and elaboiated m aieas I, 
II, and Ep A legion homologous m teims of its lelations 
anatomically to the auditory system and its lole m auditory 
discrimination lemams to be discoveied m othei mammals 
The identification of such a legion m the monkey 01 othei 
piimate will be of particulai intei est 

The cuisory leview which I have given of expenmental 
studies of the auditoiv cortex is sufficient, I hope, to indicate 
that the so-called auditory cortex is not a unitary legion, 
whethei consideied fiom the standpoint of its stiuctuial 
lelationships 01 of its function We have aieasonable amount 
of knowledge about the affeient piojections of the auditory 
system to the subdivisions of tins legion, we know very little, 
howevei, about its connections with othei systems, e g, with 
the unspecific affeient systems, with the limbic system, and 
with the lecunent 01 effeient auditory system to which oui 
attention has been called by the expenments of Giant Ras¬ 
mussen 1819 20 

In my opinion, we have made consideiable piogiess m 
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undei standing something of the role of the total auditory 
legion in sensoiy discilmmation, but oui analysis of the 
functions of the sub-aieas is only beginning This must be 
kept m mind when considering the lelationship between the 
lesults of experimental studies and clinical studies of man 
In the'lattei, complete bilateial destiuction of auditory pio- 
jection aieas probably nevei occuis Lesions pioduced by 
accident, disease 01 suigeiy aie not likely to be confined to 
any one subdivision, noi even to auditoiy cortex, and the exact 
locus of the lesion can seldom be determined by post-mortem 
examination, nevertheless, if experimental studies of animals 
aie extended m directions such as I have suggested, and, if 
use is made in the clinic of tests which measure functions 
similai to those which can be tested in lowei animals, a 
gradual and profitable integration of findings fiom leseaich 
m the experimental laboiatoiy and m the clinic should be 
possible 
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DISCUSSION OF FUNCTION OF AUDITORY CORTEX f 

Archie R Tunturi, 

University of Oiegon, 

Portland, Oie 


INTRODUCTION 

A decade ago you would not have believed what has been 
piesented today concerning the auditory system, and the 
auditory cortex m particulai This modem reseaich into the 
auditory system was initiated by the Office of Naval Reseaich, 
to whom we owe a special debt foi the conti lbutions y Inch 


tThls in\ estimation was performed under Contract Nonr-1779 (01) (NTt 
140-103) between the Uni\ersit\ of Oregon Medical School and the Office 
R^arch It was supported also bj a research grant (B-45) from 
the National Institute of Neurological Diseases and Blindness Reproduc¬ 
tion In "hole or in part Is permitted for ant purpose of the United States 
Go'ernment 
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you have heaid Dewey Neff has piesented an outstanding 
leview of the leseaich on the auditory cortex which piesents 
many pioblems, and then solutions aie slow in being leahzed 
Bit by bit the knowledge of the anatomy and physiology of 
the auditoiy cortex is accumulating, so that we have now a 
moie advanced understanding of this region of the biam, 
howevei a senous need is a discipline which will permit a 
bleak thiough into the function of the auditory cortex, and 
moie generally into the function of the biam as a whole We 
would like to hope that this discipline is attainable within the 
next decade The need foi knowledge of how the biam func¬ 
tions is important, not only to the undei standing of the 1 elation 
of the auditoiy cortex to speech perception and healing but 
also to an undei standing of the biam m neuiological and 
mental diseases I believe that you will agiee with me aftei 
listening to these excellent papeis today, that the audiometei 
aftei all tests but a tiny portion of our hearing 


We are indebted for oui knowledge of the minute anatomy 
of the neive cells m the auditory cortex to Cajal 2 and Lorente 
de No, 3 who have applied the Golgi silvei techniques to unravel 
the tempoial legion The nerve cells m the auditoiy cortex 
are so densely packed that the detailed course of the individual 
neive connections cell by cell is still practically unattainable 
The neive fibeis fiom the medial geniculate body to the cortex 
have been exploied giossly by letiogiade degeneiation tech¬ 
niques Some facts aie known of the nerve fibeis ansing 
fiom the other parts of the biam and terminating m the 
auditory cortex Biodman’s 1 paicelmg of the ceiebial cortex 
into aieas has pioved of doubtful value to the modem neuro¬ 
physiologist 


Physiological studies have led to more piecise location of 
the projections fiom the geniculate body upon the cortex, 
and in particulai the detail within these connections 0 7 8 9 10 
We have data on the time it requnes nerve impulses to tiavel 
from eai to coitex, the distubution of lesponses ovei the sui- 
face, and the cell layeis wheie the lesponses anse In abla¬ 
tion expeiiments perfoimed on vanous animals we aie faced 
with the surpusmg fact that surgical lesions of the auditory 
cortex pioduce little effect on conditioned leflexes 12 Removal 
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of the auditoiy cortex causes no change in the thieshold of 
heaung, multiple conditioned leflexes aie not affected, but 
Dewey 4 5 has piesented endence foi distuibances m condi¬ 
tioned leflexes to tempoial aspects of stimuli The seaich 
foi psychological con elates of healing has been m vain 
Evidence foi space localization of sounds, pitch disci lmmation 
01 diffeience limens of intensity oi pitch has not been found 
Pei haps theie is some evidence foi a loudness function 

Thus fai we have failed to implicate the auditoiy cortex 
with a specific function Let us considei moie closely the 
meaning of function We all like to apply the teim function 
in teims of oui own behavioi, oi something that ve can giasp 
simply Suppose in this case we considei the function m 
terms of the central neivous sjstem With tins m mind, let 
us examine certain stable pioperties of the auditoiy cortex 
that do not change undei vanous conditions One such piop- 
eity is the fiequency localization m which a lesponse to a 
particulai fiequency of a sound always occuis in the same 
location 13 The spacmg between the foci of lesponse is con¬ 
stant, giving us what might be called a fiequency map of the 
auditoiy cortex The time of amval as well as the time couise 
of the lesponses lemam constant The masking of the cortical 
lesponses bv means of steady tones oi noise is extiemely 
stable and accuiately measureable 14 The masking data fiom 
the cortex aie not unlike the lesults obtained m human sub¬ 
jects The thieshold cuive at the auditoiy cortex, even undei 
anesthesia, is identical to the normal thresholds of human 
heaung Othei constant pioperties aie the lefiactoiy penod, 
the absence of contialateial masking, the excitation of a strip 
of coitex at one intensity foi one eai but not the othei, and 
the lefiactoiy penod between lesponses due to sounds de- 
liveied to the opposite ears 

How the auditoiy cortex functions must be based upon the 
stiuctuial and physiological pioperties that lemam stable 
The nervous system does not heai what is occunmg at the 
ear, but only the electrical activity m the nerve cells of the 
pathways and the auditory cortex. It is a necessary piemise 
that oui acoustical environment must be lepiesented in a 
reasonable form m the central nervous system, a conclusion 
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not unlike that of Locke, Beikley and Hume, that oui external 
world is limited to oui own cential nervous system Oui 
interests m stable pioperties is that they alone can foim 
the repi esentations of the external environment The lepie- 
sentations form a copy of the acoustical woild, and it is with 
this copy that the nervous system must concern itself If 
the copy is not stable nothing would be known of the external 
world Since we aie dealing with copies 01 lepiesentations, 
albeit in coded foim, we aie most ceitamly dealing with 
communication 

In oui study of these copies of oui external envuonment, 
a region has been found m which aftei much simplification 
theie exists a memory foi over one-and-a-half billion different 
sounds, 15 a memory lasting as much as 200 times the duiation 
of sound itself This portion of the auditory cortex is no 
longei than three-quarteis inch and no wider than one-half 
inch Yet to this legion of the biam no psychological coi- 
1 elate, noi function m teims of behavioi, has been assignable 

What then is the function of this area to the neivous 
system itself 7 What we would like to do is study the effects 
of the aiea on messages oi information By studying the 
l elation of acoustical signals to the lepi esentations it has 
become possible to establish a mathematical formulation of 
the communication aspects of the auditory cortex This 
allows up to compute the amount of mfoimation received at 
the auditory cortex in vanous sounds, therefoie, might not 
communication theory be the discipline we need to undei- 
stand the function of the biam 7 Aftei all, the brain uses 
up moie information than any othei substance None of us 
would believe that the mind consists of mitochondna, proteins, 
sugais, acetylcholine, choline esteiases oi other enzymes 
These matenals aie like the junction of two metals to a 
tiansistoi, or what oil is to a relay, but have no bearing on 
the information handled by such devices Needless to say 
the brain has been compared to computeis, but m many ways 
it has pioperties diffeient from these mechanisms I, theie- 
fore, ask you to watch the developments m information 
theory towaid a solution of the pioblem of the brain 

Study of the anatomy and physiology of the auditory cortex 
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has uncoveied a multitude of nev, facts dui mg the last decade 
concerning its stiuctuie and peifoimance Conditioned leflex 
studies have mled out many possible functions of the aiea 
but have suggested othei ones What, is needed is a new 
discipline 01 scientific method which v ill give us the answei 
to the function of the biam Such a method we feel is veiy 
likely a\ailable in communication theory 
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FUNCTION OF THE AUDITORY CORTEX 
CLINICAL DISCUSSION (NEUROSURGERY) 

Robert B King,* 

State Umveisity of New Yoik, 

Syiacuse, N Y 

In discussing the functions of the auditoiy coitex from a 
clinical standpoint, a subject so ably presented by Dr Neff 
m "Paiameters of conti oiled physiological investigation,” I 
must confess that little definitive clinical woik has been 
undertaken Theie are, howevei, many areas of mutual con¬ 
cern to physiologist, anatomist, physicist and physician, in¬ 
deed, even suigeon As Di Neff has said, theie is often a 
5 to 10 yeai gap between concepts of function demonstiated 
m laboiatory envnons and then initial adaptation foi clin¬ 
ical use A majoi challenge to all of us must be to absoib 
this time deficit by earliei synthesis of laboratory analysis, 
and theieby to gam undei standing of non-chmcal investigative 
findings which aie of clinical consequence Clinical per¬ 
plexities, howevei, examined in the aiena of the investigator, 
will yield fiuitful avenues foi investigation of fundamental 
mechanisms in anatomy, physiology and psychiatry The 
intei change of experience should be mutual 

Recent and cuirent studies of auditoiy cortex with para- 
meteis of neuiophysiology and psychology have been discussed 
today Although clinical efforts to understand the function¬ 
ing of auditoiy cortex in moie than bioad and general terms 
have had a late beginning, yet thiee avenues of clinical study 
are of cuilent inteiest 

Detailed examination of disci lmmation functions have been 
leported by Bocca, and weie discussed in detail yesteiday 

In a similai vein, discriminative functions have also been 
studied in six patients with infantile hemiplegia before and 
aftei hemispheiectomy 

1 Puie tone audiogiams weie normal A list of spondees 


•Formerly at Washington University St Uouls Mo 
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was piesented to each eai of these patients, and tlneshold 
intensity established foi the conect identification of 50 per 
cent of these bisyllabic woids At 70 db above this threshold, 
then, two series of monosyllabic test woids weie delivered 
sepai ately to each eai A distinct disci epancy between the 
left and right was clearly evident m such testing of dis¬ 
ci lminatory function Forty-five pei cent of test words de- 
liveied to the ear conti alateial to the abnormal hemisphere 
weie mconectlv identified, while 20 pei cent of the woids so 
delivered to the ear contralateral to the moie normal hemis- 
pheie weie not lepeated conectly This 20 pei cent may 
indicate a wide variation of normal i elated to the lelatively 
normal hemispheie 

Although the post op E E G in this hemisphere became 
moie normal, and theie was improvement m seizuies and 
behavioi disorders in these patients, theie was no improve¬ 
ment m then postopeiative discrimination scoies This pei- 
sistmg deficit suggests that nocifeious cortex of the abnormal 
hemispheie was not contributing materially to the deficit 
mfeiied foi the moie normal hemispheie It may be that 
this degree of abnormality repiesents the maximum potential 
foi discrimination of a smgle hemispheie Fuithei experi¬ 
ence with such testing techniques as these may well yield 
useful methods for better clinical understanding of focal 
cortical lesions of auditory and l elated association coitex 

A second avenue of clinical investigation has been that 
which Penfield and his co-workeis 2 have explored The stimu¬ 
lation of abnormal cortex with patients undei local anesthesia 
may initiate an auditory expenence Tinmtis may be reported 
■with stimulation of the supenoi temporal gyms From neigh¬ 
boring regions, complex, and at times prolonged auditory 
sequences, songs or even symphonic oichestrations, may be 
reported by the patient In this circumstance, how r evei, a 
combination of memory and lecall of auditory events add to 
the complexity of the analysis Although the stimulus in 
such a circumstance as this is quite an artificial one, the 
experience described by patients may be realistic m manv 
details 

There has been no extensive study of the electiophysiologic 
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FUNCTION OF THE AUDITORY CORTEX 
CLINICAL DISCUSSION (NEUROSURGERY) 

Robert B King,* 

State University of New Yoik, 

Syiacuse, N Y 

In discussing the functions of the auditory cortex fiom a 
clinical standpoint, a subject so ably presented by Di Neff 
m “Parameters of conti oiled physiological investigation,” I 
must confess that little definitive clinical woik has been 
undei taken Theie aie, howevei, many aieas of mutual con¬ 
cern to physiologist, anatomist, physicist and physician, in¬ 
deed, even suigeon As Di Neff has said, theie is often a 
5 to 10 yeai gap between concepts of function demonstiated 
m laboiatory environs and then initial adaptation for clin¬ 
ical use A majoi challenge to all of us must be to absorb 
this time deficit by eaihei synthesis of laboiatory analysis, 
and theieby to gam understanding of non-chmcal investigative 
findings which aie of clinical consequence Clinical pei- 
plexities, howevei, examined in the aiena of the investigator, 
will yield fiuitful avenues for investigation of fundamental 
mechanisms m anatomy, physiology and psychiatry The 
interchange of expenence should be mutual 

Recent and cunent studies of auditory cortex with para¬ 
meters of neui ophysiology and psychology have been discussed 
today Although clinical efforts to understand the function¬ 
ing of auditory cortex m more than bioad and geneial terms 
have had a late beginning, yet thiee avenues of clinical study 
are of cunent inteiest 

Detailed examination of disci lmmation functions have been 
leported by Bocca, and were discussed in detail yesterday 

In a similar vein, disci lmmative functions have also been 
studied m six patients with infantile hemiplegia before and 
after hemispheiectomy 

1 Puie tone audiogiams were normal A list of spondees 


♦Formerly at Washington University St Louis Mo 
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the next two slides The first (see Fig 2) illustrates evoked 
radiation responses from frontal association cortex (as m 
Fig IB) with repetiti\e stimulation (A—6/sec B—10/sec., 
C—20/sec , D—50/sec., and E—50/sec) using DC amplifiers 
Note the negative shift m steady potential with increasing 
frequencv of stimuli, and the persistence of this shift after 
terminating the stimulus 


A 

B 

C 

D 


E 


L I_ 

Fig. Z . Right angle at right calibration for E-o f *n y and 1 s«c_ Fight 
angle at l^ft is calibration for A-D 5b V and 2b msec. 

Similar repetitive stimulation of subcortical white matter 
of the superior temporal gvrus (see Fig 3) shows further 
changes not seen m recordings from frontal association 
cortex. The mcreasmg complexity of this response is ap¬ 
parent as the frequency of stimulation increases (B—6/sec., 
C—10/sec., D—20/sec., E—50/sec., F—100/sec.) In “B” 
and “C” a negative shift similar to that shown m Fig 2 for 
frontal association cortex is apparent, but in “D,” “E,” and 
“F,” an early positive shift of the base is the dominant, change 
returning to the original base line. The negative shift persists 
after the period of stimulation at lower frequencies 
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potentials evoked by such stimuli m man A thud avenue 
of investigation then is being exploied Single and multiple 
evoked lesponses of human cortex aie being studied and will 
be 1 eported at a latei date 3 Such evoked potentials indicate 
that theie may be a numbei of legional vanables m human 
coitex which do not appeal in studies of other cortex 

Fig 1 illustiates evoked potentials fiom human fiontal 
association cortex and fiom the supenoi tempoial gyius A 
calomel cell lecoidmg electiode on the pia was lecoided 


A B C D 


t ~ ir--w, w 


L 

Figr 1 Calibration angle 600 V 20 msec 


against a lemote electiode Stimuli foi “A” weie deliveied 
at the suiface 3 mm fiom the lecoidmg electiode The 
potential indicates a puie dendutic lesponse Stimuli foi 
“B” weie deliveied at the subcortical white mattei of the 
same gyius just below the suiface lecoidmg electiode (radia¬ 
tion lesponse) In “C” the stimulus was applied to sub¬ 
cortical white mattei of the adjacent gyius activating “U 
fibeis The suiface of the supenoi tempoial gyius was re- 
coided m “D,” while stimulating adjacent white mattei 
(ladiation lesponse) The lesponse m “B” and “D” aie then 
analogous The mci eased complexity of the potential form 
in the latei instance is appaient The piolonged late negative 
deflection m “D” has not been seen m lecoids taken fiom a 
limited numbei of othei cortical legions 

Fuithei companson of the evoked coitical lesponse m 
fiontal and tempoial association aieas can be lllustiated m 
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the next two slides The fust (see Fig 2) lllustiates evoked 
ladiation lesponses fiom fiontal association cortex (as in 
Fig IB) with lepetitive stimulation (A—6/sec , B—10/sec , 
C—20/sec , D—50/sec , and E—50/sec ) using DC amplifies 
Note the negative shift in steady potential with incieasing 
fiequency of stimuli, and the peisistence of this shift aftei 
teimmatmg the stimulus 


A 

B 

C 

D 

E 


r Ig 2 night anglo at right calibration for E GOO, V and 1 hoc Kight 
angle at loft Ifl calibration for A D 50 V and 20 msec 

Similai lepetitive stimulation of subcoitical white matter 
of the supenoi tempoial gyrus (see Fig 3) shows further 
changes not seen m lecordings fiom frontal association 
cortex The increasing complexity of this response is ap¬ 
parent as the frequency of stimulation increases (B—6/sec , 
C—10/sec , D—20/sec , E—50/sec , F—100/sec ) In “B” 
and "C” a negative shift similar to that shown m Fig 2 for 
frontal association cortex is appaient, but in “D,” “E,” and 
“F,” an early positive shift of the base is the dominant change 
returning to the original base line The negative shift persists 
aftei the period of stimulation at lowei fiequencies 
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Fig- 3 Vertical cellbratlon 500 V Horizontal calibration 20 msec 


A detailed analysis of these evoked cortical potentials is not 
wan anted at piesent Many more lecoids must be acqune 
befoie a synthesis, based on such an analysis, can have mean¬ 
ing in teirris of the functioning of neuial components of 
fiontal and tempoial association cortex This third avenue 
of clinical investigation has only lecently been followed and 
must be furthei exploied 

In summary, I have tiled to indicate thiee avenues for 
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clinical investigation of the functioning of auditory cortex 
which have shown some piomise of extending oui knowledge 
of these legions 
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PERCEPTIVE HEARING LOSS * 

Harold F Schuknecht, 

Henry Ford Hospital, 

Detioit, Mich 

In lecent years much investigation has been dueeted to- 
waid the physical and bioelectiic mechanisms by which the 
cochlea leceives the sound stimulus and codes it mto neuial 
impulses Oui knowledge of the auditory physiology beyond 
the cochlea is less well known Futuie research m this aiea 
will be concerned with the mechanisms by which neural pat¬ 
terns aie decoded and mtegiated with established memory 
patterns and othei information, to result in hearing as we 
experience it 


THE HUMAN AUDITORY CORTEX 

The human ceiebral cortex has been mapped according to 
minoi vanations in the pattern of the giey matter 123 The 
auditory cortex of man is located in the supenor temporal 
gyrus along the sylvian fissuie, which corresponds to the 
topogiaphic areas 41, 42 and 22 of Biodmann (see Fig 1) 

*PerceptS\e hearing loss here refers to that type due to disorders of 
the auditory pathways and cortex which Is in accordance with the recent 
terminology suggested by the Committee for Conservation of Hearing of 
the American Academy of Ophthalmology and Otolaryngology 
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Campbell has fuithei divided this aiea into an audito-sensory 
legion (aiea 41, thought to be lelated mainly to auditory 
perception) and an audito-psychic legion (aieas 42 and 22, 
thought to be impoitant foi auditoiy memoiy) These con¬ 
cepts, however, do not justify thinking of these aieas as dis¬ 
ci ete functional units 



riff 1 Auditor} cortex of man ns dctormlncd bj c' to-nrcliitcctonlc 
studies Shcn\ n are areas *11 *12 and 22 of Brodinann and the auaito- 

sensor^ (1 tiled) and nudlto-ps\ chic (stippled) areas of Campbell 


Fuithei evidence legaldmg the auditoiy coitex of man 
comes fiom the investigations of Penfield and Rasmussen, 4 
who electucally stimulated the auditoiy coitex of humans 
dunng the couise of* mtiacianial opeiations Local anesthesia 
was used, and the patients weie asked to i elate then auditoiy 
expel lences 

Some of the sensations leported by the patients aie listed 
below 

• 

Ringing sound like dooibell 
Humming sound 
Low-pitched sound like a motoi 
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Continuous “clicking-,” like crickets at night 
Change in the sound of youi voice 
Rushing sound, like a bnd flying 

Contialateial eai felt as though she could not heai out of it 

Noise like buds chnpmg 

I lieai funny things 

I heai “boom boom” on something 

Buzzing m contralateral eai 

Key of your voice changed 

I am a little deaf 

The lecoids fiom these patients did not lend themselves 
to statistical study or detailed analvsis, hovevei, the mvesti- 
gatois made the following observations 

1 Auditor v responses weze moie nu meious m the audito- 
ps\chic aiea of Campbell (aieas 42 and 22 of Biodmann), 
and less fiequent m the audito-sensorv aiea (aiea 41 of 
Biodmann) 

2 Electiieal stimulation of the tempoial lobe lesulted m 
the sensation of sound m some patients and the sensation of 
being deaf in otheis, theiefoie, stimulation seemed to paia- 
lyze as well as activate 

3 The auditory sensations weie most often lefened to the 
contralateial eai 

4 Electiieal stimulation close to the margins of the sylvian 
fissure weie moie apt to pioduce simple tones, linging, etc, 
while stimulation awav from the fissuie was moie apt to 
introduce an element of inteipi etation of the sound 

Tliev also made a verv intei estmg observation m patients 
havmg psychical seizuies, the lattei being descubed as a 
pmelv psjchical state chaiactenzed bv sudden change m 
peiception of envnonment, a sort of dieam state Seveial 
patients havmg visual oi auditory hallucinations in then 
psvclnc state experienced these phenomena when the tempoial 
cortex was electiically stimulated Appaientlv m these pa¬ 
tients the cortex pieviously liad been activated or conditioned 
by lecuiient epileptic dischaiges, so that electiieal stimula- 
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tion lesulted in. activation of acquned patterns of neuial flow, 
m othei woids, the memoiy pathways 

LESIONS OF THE TEMPORAL LOBE 

The possible effect of unilateial tempoial lobe tumors on 
healing has mteiested clinicians foi some time, but because 
heai mg tests weie lacking m quantitative values no consist¬ 
ent pattern of auditory loss was established for tempoial lobe 
lesions 55-8 Although bilateial temporal lobe lesions aie less 
common, they can exist in Pick’s disease and in cerebiovas- 
culai disoideis, and m such cases the obseivers have con¬ 
sistently reported a total bilateial heaung loss 591011 With 
the development of electionic equipment, which peimitted 
standaidized audiometnc evaluations, many new psycho¬ 
acoustic phenomena have become manifest One of the phe¬ 
nomena pertinent to this discussion only lecently established 
is the loss of auditory intelligibility which accompanies tem¬ 
poral lobe tumoi This observation was slow in developing 
because the discrimination defect did not legistei m com¬ 
monly used discrimination tests but became manifest only 
when a moie difficult test was imposed upon the auditory 
system 

Appaiently the amount of auditoiy mfoimation which is 
piovided with each phoneme m normal speech is m excess 
to that which is necessary for intelligibility and, therefoie, 
mild degrees of leceptive aphasia (loss of auditoiy intelligi¬ 
bility) can exist without being detected by standard dis¬ 
crimination tests Bocca, et al , 12 and Pietiantom, et al , 13 
have shown, however, that if a patient with a temporal lobe 
tumoi is given a moie difficult discilmmation test, consist¬ 
ing of distorted speech (acceleiatmg, intei luptmg, limiting 
frequency lange, delivering m noise), the intelligibility is 
decreased m the ear contralateial to the tempoial lobe lesion 
Goldstein, et al , 14 also have observed this phenomenon m 
patients with infantile hemiplegia 

Patients so afflicted are unable to understand the spoken 
language in spite of normal auditory acuity Sounds reach¬ 
ing the ears of these patients aie transmitted along the audi¬ 
tory pathways, but have no meamng Perceptive aphasia 
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appeals to be a true entity and is thought to lesult fiom 
aplasia, mal-development 01 tiauma to the auditory cortex 
Furthei proof is needed, howevei, to establish firmly the 
concept that auditory aphasia is the manifestation of a tem- 
poial lobe cortical deficit A similai disoidei, termed auditory 
impel ception, is chaiactenzed by an ability to undei stand 
speech and develop language with auditory framing, but dif¬ 
ficulty in intei preting auditory tests involving disci lmmatory 
lesponses 15 Derbyshne, et al , 10 have shown that under 
favoiable conditions auditory responses can be lecoided in 
electioencephalogiams of humans, and that the method can 
be used as an objective test of heaung Accoidmg to Rosen- 
blith 1 * it may be possible to develop that method into a prac¬ 
tical clinical tool through the use of an electiomc computei, 
which will sift the auditory response out of random back- 
giound cortical activity A senous limitation of objective 
auditory tests, of course, is that they do not tell us whethei 
the lesponses reflect useful oiganized auditory information 

DECREASE IN NEURONE POPULATION 

Neff and associates 18 have shown that aftei bilateral abla¬ 
tion of the auditory cortex m cats, the pui e-tone thieshold is 
preseived, but moie complicated discriminations, such as 
localization of sound and pitch discrimination, appear to be 
altered The combination of cncumstances m which theie 
is a disci immation loss out of pioportion to the change m 
pui e-tone thresholds is not unique foi cortical lesions, foi it 
is also present when the first ordei neuione is partially 
destroyed by acoustic neurinoma, as was fust pointed out by 
Woellner and myself in 1953, 19 and subsequently by Laden- 0 
and Walsh and Goodman 21 and Goodman 22 (see Fig 2) 

The deafness of aging (piebycusis) also is often character¬ 
ized by disci immation loss out of pioportion to the pui e-tone 
threshold loss (see Fig 3) It has alieady been shown that 
the presbycusic ear often suffeis greatei degeneiation of the 
cochlear nerve than of the corresponding oigan of Corti 23 2128 
(see Fig 4) In the aged person the neuione population at 
higher levels m the auditory system may also be decreased, 
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Flp: 2 Audiometric and \ cstibulnr tests of patient with loft acoustic 
ncutJnoniA proven subsequently nt operation In the left ear the ptire-tone 
thresholds for the three speech frequencies (600 1000 and 2000) were near 
normal however the speecli discrimination score was onh 1G por cent on 
repeated tests (PB-Mnx Rush Hughes recorded wold list) 


foi it is well established that the aging biam suffeis a diffuse 
neuional degeneration 

The auditoiy manifestations m patients with tempoial lobe 
lesions, acoustic neminoma and piesbycusis, suggest that 
lesions involving the auditoiy pathways lesult m a system 
that tiansmits simple signals of thieshold magnitude (such 
as puie tones) but cannot handle the complex signals of 
speech 

Woellnei and I designed an expenment m which we fuithei 
tested the concept that partial loss of fibeis at the level of 
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the fust oidei neuione is consistent with normal puie-tone 
tlnesholds Woikmg with conditioned cats we found that 75 
per cent of the acoustic nerve fibeis could be lost by actual 
count without cieating a healing loss foi pure tones 26 (see 
Fig 5) 


COMMUNICATION THEORY 

In recent yeais concepts of information-transmission have 
been expiessed m piecise mathematical terms Although 
few of us are capable of understanding the mathematics in¬ 
volved, we leadily appieciate its importance for auditory 
intelligibility, the ear analyses speech by recoding the sound 
signals into impulses which travel up the auditory nerve 
We know that the fundamental coding mechanism is very 
simple, and that a nerve impulse is either present oi absent 
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WACHOWIAK 

Fltf 2 Audtoincli lc and ■\estlbulnr tents of patient with left acoustic 
ncuiinoinn pro\ on nubsequentlj at operation In the left car the purc-tone 
thresholds for the three speech frequencies (RAO 1000 and 2000) were neat 
normal how o\ er the speech discrimination score was onh 10 per cent on 
repeated teats (PB-RIax Rush Hughes recorded word list) 


foi it is well established that the aging biam suffeis a diffuse 
neuional degeneration 

The auditoiy manifestations m patients with tempoial lobe 
lesions, acoustic neuimoma and piesbycusis, suggest that 
lesions involving the auditoiy pathways lesult m a system 
that tiansmits simple signals of tlneshold magnitude (such 
as puie tones) but cannot handle the complex signals of 
speech 

Woellnei and I designed an expenment in which we fuilhei 
tested tlie concept that paitial loss of fibeis at the level of 
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This principle of "all or none” is basic to nerve physiology 
Othei limitations aie that a single nerve fibei will cany a 
maximum of only 800 to 1000 impulses pei second We may 
enumeiate the valuables m a neuione pattern as follows 

1 Frequency of impulses m a single fibei (below 1000 c p s ) , 

2 time relation between impulses m the vanous fibei s, 8 se¬ 
lectivity as to which fibers aie being activated, 4 the num- 
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Fig 5 Behavioral audiograms and cochlear charts for two animals 
with partial section of the cochlear nerve The frequencies are placed 
along- the abscissa of the audiogram in accordance with their anatomical 
distribution along- the cochlear duct. The abscissa of the cochlear chart 
indicates millimeters along the cochlear duct as measured from the basal 
end and the black filling- shows per cent of ganglion cells lost as deter¬ 
mined b\ actual count Note that for Cat 2 there is an average loss of 
about 7 Z per cent of ganglion cells but pure-tone thresholds remained 
normal 


ber of fibers being activated In spite of the “all or none” 
law, the cochleai nerve can carry all of the information re¬ 
quited foi intelligibility of the spoken voice This is possible 
because of the tremendous numbei of channels m this com¬ 
munication system, for we know there are about 35,000 
channels, or fibers, m the human cochlear nerve In a patho¬ 
logical auditory pathway with a loss of nerve fibers, a limita¬ 
tion is imposed upon the coding mechanism, and the amount 
of information v hich can be transmitted fiom the ear to the 
biam is less than normal 
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Fig 4 Photomicrographs of spiral ganglion of normal jounp PP*’ 8 ® 1 } 
abo\e) and 70-\ ear-old man (belon) both \Iens from the u PP er ,, ^ 
urn The aged man had se\ere degeneration of the organ of Corti on 
piral ganglion in the lower basal turn accounting for a high tone aeai- 
ess In the upper basal turn the organ of Cortl was normal but 
. as a loss of 30 per cent to 50 per cent of the spiral ganglia It is un 
dss of neurone population which probable accounts for the deteriorating 
uditorj discrimination (phonemic regression) in the aged 
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CONCLUSIONS 

No one has yet evolved a completely clear concept of the 
psycho-acoustic manifestations lesultmg fiom lesions of the 
auditory pathways and centeis It is already appaient, 
howevei, that such lesions result m losses of intelligibility, 
varying fiom the mildest, detected only by special discrimina¬ 
tion tests, to seveie auditoiy aphasia I am certain, howevei, 
that furthei physiological expenmentation and clinical study 
vail piovide a bettei basis for the legional and functional 
diagnosis of disordeis involving the auditory pathways 
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CONCLUSIONS 

No one has yet evolved a completely cleai concept of the 
psycho-acoustic manifestations lesultmg fiom lesions of the 
auditory pathways and centeis It is alieady appaient, 
howevei, that such lesions lesult m losses of intelligibility, 
varying fiom the mildest, detected only by special discilmina- 
tion tests, to seveie auditoiy aphasia I am ceitam, howevei, 
that furthei physiological expel imentation and clinical study 
will piovide a bettei basis for the legional and functional 
diagnosis of disordeis involving the auditoiy pathways 
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No one has yet evolved a completely cleai concept of the 
psycho-acoustic manifestations lesultmg fiom lesions of the 
auditory pathways and centeis It is alieady appaient, 
howevei, that such lesions lesult m losses of intelligibility, 
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that fuithei physiological expenmentation and clinical study 
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ancient method now, but it was a populai technique then 
About 1930 the fust sound level meteis weie introduced 
Because the useis soon found that many sounds gave the 
same leading on the meteis but did not sound the same, an 
effort was made to appioximate the chaiactenstics of the 
eai This effort was unsuccessful, but the lesults of it lemam 
with us as the A, B, and C scales of modem instalments 

It soon became cleai that some sort of fiequency analysis 
was necessary Vanous nanow-band analyzeis weie de¬ 
veloped, but their use was limited because of the tedious 
natuie of the measuiement The moie modern octave band 
analyzei stakes a happy medium between detailed fiequency 
analysis and ease of measuiement It has been used exten¬ 
sively m the past decade, and most mdustnal noise data are 
today being leported in octave bands Recently, fractional 
octave bands have appeared but do not, to date, enjoy wide- 
spiead use because of the added complexity of leportmg the 
data 

Until a few yeais ago sound piessuie level and fiequency 
were the pnmaiy paiameteis mvolved in noise measuie¬ 
ment All measuiements weie essentially cioss-sections in 
time Veiy little attention was paid to the fluctuations and 
variations of the noise as time passed An excellent compila¬ 
tion of mdustnal noise measuiements of this type has been 
piepaied by Kaiplus and Bonvallet, (American Industrial 
Hygiene Association QuaHeily, Vol 14, page 235, 1953) , 
howevei, measuiements of this sort can only be lelated to 
impairment of healing when the exposuie is steady thiough- 
out the working day, and the noise has no unusual tiansient 
charactei istics 

Since the lelations of noise to heaung loss are of gieat 
impoitance m the field of mdustnal noise, moie emphasis 
has been placed in lecent yeais upon the design of instru¬ 
ments that give information about the transient chaiactei of 
the noises The impact metei, developed by Geneial Radio, 
and the exposure metei, developed by Ciouch, aie two ex¬ 
amples of this tiend towaid instruments that aie aimed at 
the measuiement of the time-varying chaiactei istics of noise 
Reseaich sponsoied by the Armed Foices has also been di- 



THURSDAY MORNING SESSION, 
May 16, 1957 


HEARING LOSS AND NOISE EXPOSURE 

The International Confeience on Audiology convened at 
9 30 A M, m the Auditonum of the Washington Umveisity 
School of Medicine, St Louis, Missouri, Pi of Walter A 
Rosenblith, Associate Professoi of Communications Bio¬ 
physics, Massachusetts Institute of Technology, Cambridge, 
Massachusetts, piesiding 

Dr Ira J Hirsh, (St Louis, Missoun) Unfortunately, Di 
Kenneth Day could’not be with us, and Pi of Waltei A Rosen- 
blith has consented to act as chairman foi this session 


NOISE IN INDUSTRY 

Jerome R Cox, Jr , 

Cential Institute foi the Deaf, 

St Louis, Missoun 

This is a leport on some noise measuiements that weie 
made m a number of factones in a certain section of the 
United States These measuiements weie dnected towaids 
evaluating individual noise exposuies The goal of the sur¬ 
vey was some statistical indication of the mdustiial noise 
exposuies in a section of the countiy Before presenting 
the pioceduie foi the suivey and the results, I will give a buef 
review of noise measuiements m the United States 

In 1925, noise measuiements weie made m the City of New 
Yoik, with the aid of the 3-A audiometei, an early Western 
Electric instrument The masking produced by the noise 
was measuied by the audiometei The sound piessuie levels 
weie then calculated fiom the masking This seems like an 
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CONCRETE BLOCK 10 HIGH 


STORAGE AREA 


(A) EMPTY BOY STORAGE 
MAY REDUCE REVERBERA¬ 
TION IN VICINITY 

(B) FOREMAN WALKS 
THROUGHOUT PUNCH PRESS 

& multisude areas 

(C) SMALL COMPRESSION 
RIVETING MACHINE 

(I) SMALL IMPACT 
RIVETING MACHINE 
(M) MULTISUDE MACHINE 
(p) PUNCH PRESS 

FLOOR * CONCRETE 
ROOF - GYPSUM SLABS 
20* HIGH AT WEST WALL 
25* HIGH AT EAST WALL 
SHIFT - EMPLOYEE 

LOCATIONS TYPICAL 
OF FIRST SHIFT 
ELEV - ALL MEAS TAKEN 
ABOUT 4 ABOVE FLOOR 


Fig 1 Typical floor plan of department surveyed All significant 
noise sources in this small shop are identified trorking areas of employees 
are indicated bv crosses and each measuring station Is marked b\ a circled 
number 


industry and the numbei of employees, shifts, bieaks in the 
daily exposure, and otliei departmental information The 
fundamental framework foi reporting oui data is shown m 
Fig 1 

This is a di awing typical of the departments surveyed 
This is the flooi plan of a small shop, showing all the signifi¬ 
cant noise sources, the location of all the workers, the location 
of each of the measuring stations, and, m addition, informa¬ 
tion about the acoustical environment and movements of 
employees who do not remain m a fixed position 
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lected towaid the measuiement of noise exposuie lather 
than the simple fiequency distribution that was so popular 
dunng the past decade 

I think the concept of a noise exposuie is one of the lm- 
poitant developments in the field of mdustnal noise It is 
usually assumed that time and intensity aie equally impoitant 
m deteimining the noise exposuie A quantitative way to 
state tins assumption is to say that sound eneigy, the pio- 
duct of time and intensity, is pioportional to the noise ex¬ 
posure, and, theiefoie, dnectly 1 elated to the healing loss 
that may lesult from the exposuie Students of physics will 
lecall that the pioduct of time and intensity is eneigy—m 
this case sound eneigy 

In computing sound eneigy, intensity is expiessed in watts 
pei unit aiea lathei than in decibels, a logarithmic unit 
Translated into decibels, the eneigy iule means that a noise 
piesent thioughout an eight-houi woikmg day would be 
equivalent to a similai noise that is present duung one-half 
the woikmg day, but thiee decibels moie intense Similaily, 
a noise piesent only one-tenth of the woikmg day is equivalent 
to a noise ten decibels less intense, but piesent thioughout 
the woikmg day The assumption that noise exposuie is 
pioportional to the sound eneigy leceived by the eai has not 
been adequately validated It is a frequent assumption, and 
I will make no attempt to justify it 

In 01 dei to evaluate noise exposuie a tiemendous amount of 
data is necessary It is almost unbelievable to people who 
have not encounteied the pioblem Data must be taken on 
the intensity, fiequency distribution, tiansient chaiactenstics, 
and the daily time pattern of the noise In addition, the 
woikeis’ movements m the noisy aiea, and the characteristics 
of the sound field, must be lecoided With these data, it is 
possible to estimate the noise exposuie accoidmg to the as¬ 
sumption that exposuie is piopoitional to sound energy In 
the measuiements to be leported, we attempted to gathei all 
of the mfoimation necessaiy for the evaluation of every 
man’s noise exposuie in each of the plants suiveyed 

A geneial data sheet gave mfoimation about the kind of 



INTERNATIONAL CONFERENCE ON AUDIOLOGY 


445 


was studied The total numbex of woikeis whose exposures 
weie evaluated is just slightly undei thirty thousand As 
vou can well imagine, consideiable data was accumulated 

Because of the scope of the survey, it was necessaiy that 
a simple scheme be developed foi analysis of the data The 
following pioceduie was followed 1 A lough fiequencv 
analysis w r as earned out to estimate the sound pressure level 
m the 300-600 c p s band This octav e was chosen because 
it is the important sox ting octave, accoidmg to the data pre¬ 
sented in the xepoit of Committee Z 24-X-2 of the Amencan 
Standaids Association (Amencan Standaids Association, The 
Relations of Hearing Loss to Noise Erposinc, Z 24-X-2 Re- 


Classification of 

Noise Exposure 

A 

B 

C 

I) 

Equivalent Sound Pressure 

Greater 

105 db 

95 db 

Less 

Level in the TOO 600 cps 

Than 

to 

to 

Than 

Octave Band 

105 db 

95 db 

S5 db 

S5 db 


Fie- 3 Classification of noise exposures according- to the stead} sound 
pressure le^el ha-v Ing a total energy each da> equal to that in the 300-600 
cps octa\e of the actual noise 


port New Yoik, 1954) 2 The equivalent exposure level 

was found by using the assumption that eneigy is propor¬ 
tional to exposuie discussed a few moments ago S Appro¬ 
priate adjustments based on experience with similai machines 
m othei plants must be employed, because quite often data 
aie not as complete as they should be. 4 All of the noise 
exposuies are categonzed into the foui classifications shown 
m Fig 3 

The equivalent sound piessuie level shown is m the 300-600 
c.p s octave band All of the noise exposuies aie soited 
into these foui classifications After obtaining the totals m 
each classification we weie suiprised to find fewei A ex¬ 
posures than anticipated Upon le-examming the distribution 
of industries in the aiea studied we fmd a heavy representa¬ 
tion of mdustnes having only a few A exposuies, therefore, 
an adjustment of each of the majoi classifications of mdustiv 
was made on the basis of the census of manufacturers 
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Noise measui ements weie sometimes made with octave 
bands, but often a simple sound sui vey metei sufficed because 
it is fastei, less conspicuous, and satisfactoiy foi lough evalu¬ 
ations of noise exposuies A lough frequency analysis can 
be made fiom leadings taken on the thiee scales, A, B, and 
C, of the suivey metei (J R Cox, Ji , Appioximate fie¬ 
quency analysis fiom weightmg-netwoik data m acoustic 
measui ements Geneial Radio Experimenter , Vol 28, p 1, 
1953) This scheme woiked because of the statistical natuie 
of the suivey, but cannot be geneially lecommended 


Meter 

Location Readlngs(db ) REMARKS 

No _ ABC __ 

8 98 98 98 1 A small riveting machine Connector is held 

on anvil and hammer sets rivet Repeated 
impact 

2 About 300 blo'fts/min Operator makes 12 
parts/min 

3 Sound of hammer striking small part No 
other source of noise 

4 Each rHet takes 510 sec 4 bursts/part 

Machine in use when compression riveting 
is behind schedule Foreman estimates that 
this occurs about 25% of the time Operator 
is otherwise unexposed . 


Fig 2 A small section of the form used to report data from each of 
the measurements stations The four items at the right describe the noisy 
machine Its operating conditions the nature of the noise and the noise 
exposure pattern The number at the left refers to the location of tne 
measurement shown on Fig 1 


Figuie 2 shows a small section of the foim used to report 
data fiom each measuiement station At the right we see 
foui items the natuie of the noisy machine, the opeiatmg 
conditions of the machine, the natuie of the noise fiom the 
machine m teims of some moie familial noise, and the noise 
exposuie pattern In tins example the machine is on only 
about twenty-five per cent of the time 

The suivey coveied a total of seventy-five plants m twelve 
diffeient classifications used by the Census Buieau Of the 
lemammg eight, seveial weie not noisy industries, some 
employ veiy few people, and one was not found m the aiea 
m which this suivey was conducted, therefoie, it is be¬ 
lieved that a sufficiently laige vanety of noisy mdustues 
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nation subjected to A exposuies weie suddenly to mcui a 
50 db hearing loss, the mean thieshold hearing level of the 
nation would shift by only 0 2 db This verifies the fact that 
theie must be many other causes of hearing loss There are 
otheis not consideied in this study who have senous noise 
exposuies Many people use fnearms extensively m and 
out of the Armed Services In addition, theie are othei kinds 
of hearing losses that aie difficult to diffeientiate from heal¬ 
ing loss caused by noise 

One fmal statement that deseives emphasis is just be¬ 
cause a man works m mdustiy is not a sufficient leason to 
assume that his heaung loss is caused by noise 


HEARING LOSS IN INDUSTRY 

Aram Glorig, 

William Grings, 

Anne Summerfeeld, 

Subcommittee on Noise in Industry, 

Los Angeles, Calif 

INTRODUCTION 

Valid mfoimation about the relations of hearing loss to 
noise-exposure is difficult to obtain Undoubtedly, this dif¬ 
ficulty is due m part to the complexity of the relations, but 
theie aie also many obstacles that must be oveicome befoie 
we can obtain suitable data fiom which to diaw valid con¬ 
clusions about these complex relations It is the purpose of 
this paper to discuss a lecent study of mdustiial hearing loss 
as a means of showing some of the difficulties encounteied 
m making inferences fiom existing audiometiic lecoids, to 
discuss the difficulties geneially encounteied in field leseaich 
m healing, and to descube oui attempts to lessen these 
difficulties 

Two important questions to be answered aie 1 How much 
heaung loss lesults fiom noise-exposure, 2 what is the rela- 
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The total numbei of woikeis m noisy industues is shown 
m Fig 4 The population of the nation at the time of the 
suivey was a hundred and sixty million The total numbei of 
people not m schools or hospitals is one hundied and ten 
million The laboi force is sixty-thi ee million, but the Iaboi 
foice m the manufacturing industues is only seventeen 
million Excluding admmistiative workeis the lemaindei is 
fourteen million, of whom only ten million are in industries 


__ Millions 

U S Population (1953) _ _ „ 160 

Non Institutional Population - _ —110 

Labor Force „ ^ 63 

Labor Force in Manufacturing _ 17 

Production Workers in Manufacturing _ 14 

Production Workers in Nois\ Industiies ^ — 10 


Fig 4 Distribution of the U S population at the time of the suney 
No^ industries exclude those that generally have no significant noise 
exposures any where in the Industr\ ie the apparel industry 


PERCENTAGE OF PRODUCTION WORKERS IN NOISY INDUSTRY 
IN VARIOUS NOISE EXPOSURE CLASSIFICATIONS 



A 

B 

c 

V 

Percentage 

- 05% 

4 5% 

17% 

78% 


Fie 6 Estimate of the percentage of workers in nois' Industries who 
are exposed to 's arious noise exposure classifications as defined In Fig J 
Percentages are adjusted from regional survey data to reflect national 
distribution of noise exposures The Armed Ser\Icee transportation ana 
construction ‘workers and farmers ha^e been excluded from the sur\ej 


that have significant noise exposuies It is estimated that 
those ten million woikeis aie distributed among the noise 
exposuies A, B, C, and D, accoidmg to the peicentages shown 
m Fig 5 

One is suipused that the peicentage m the A classification 
is so small Remembei, howevei, that the Aimed Seivices, 
tiansportation and constiuction woikeis, and faimeis have 
been excluded fiom the study Only woikeis in manufactui- 
mg industues that have significant noise exposuies have 
been included 

In conclusion, theie aie a few seveie noise exposuies, but 
many less seveie ones, m fact, if all of the woikeis m the 
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The data sampled contains 9,145 audiogiams of mdustnal 
and flight line personnel The audiograms represented 5,816 
diffeient individuals—8,212 factory workers and 2,604 flight 
line peisonnel There weie 3,229 repeat audiogiams The 
lepeat audiogiams included both peiiodic recheck and special 
medical lefenals, and it was not possible fiom the lecoid to 
differentiate between these two 

Supplementary information piovided with the audiogiams 
included age, history of exposuie to noise, job category and 
medical history Age was indicated by gioups of yeais only, 
18-25 yeais, 26-35 years, 36-45 yeais and 46 yeais or over 
Exposuie to factory noise was recoided m three classes less 
than one yeai, 1-5 yeais and 5 -\eais and ovei Flight line 
(jet) exposuie time was specified m houis 0-100, 100-500, 
and 500 houis oi ovei Most peisons had work expellence 
m moie than one job category The laigest “puie” woik 
gioup, 1,196, was made up of meteis Accuiate senal 
lecoids of noise-exposuie factois and of information about 
changes in medical oi work history weie not always available 

The data contained evidence of the production of healing 
loss by noise-exposuie Fig 1 shows curves of healing loss 
vs yeais of noise-exposuie foi gioups of male factory woik- 
eis Sepai ate curves are piesented foi each of thiee age 
gioups 18-25, 26-35 and 36-45 jeais Note that the curves 
show mcieasing high frequency healing loss with increasing 
exposuie time At frequencies below 2000 c.p s theie is less 
evidence of systematic change Healing loss as a function of 
yeais of exposuie foi 1,190 uveteis is plotted m Fig 2 Ac- 
coidmg to the information available in the lecoids, these men 
had been exposed to nvetmg noise only Note that the hear¬ 
ing losses shown by these men aie very similar to the losses 
displayed m Fig 1, which lepiesents the entire gioup of 
factory woikeis Tests of statistical significance were applied 
to these data, and the lesults indicate that heaung losses at 
fiequencies above 3000 cp s aie statistically significant At 
3000 c p s , losses m the oldei age gioup only aie statistically 
significant, and below 3000 cps the indicated losses aie 
statistically not significant From these lesults we would 
mfei that on the aveiage, as the jeais m noise mciease so 
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tive importance of diffeient conditions that conti ibute to the 
pioduction of hearing loss’ To answer these questions we 
must have measuiements of many noise-exposures and senal 
audiogiams of peisons exposed to each noise, senal audio- 
giams consist of an original and seveial well spaced lepeat 
audiograms The audiometnc measuiements must be accui- 
ate, and the information contained m the descuption of the 
noise-exposui e must be complete and detailed 

The ideal appioach to the pioblem of healing loss m in¬ 
dustry would be to cairy out controlled experiments m in¬ 
dustrial plants For these experiments we would require ideal 
testing environments and complete freedom foi scheduling 
tests We would test many peisons at repeated intervals of 
vanous lengths Different groups of these peisons would be 
exposed to noise of diffeient specific characteristics, and 
there would be no overlapping of the specific exposures Ob¬ 
viously, practical considerations limit the achievement of such 
ideal experimental conditions m the field It has been pos¬ 
sible, through the generous cooperation of certain companies, 
to do controlled experiments m the field with small numbeis 
of peisons, but for some of the statistical analyses we wish 
to perform we need many thousands of audiograms It is 
not possible to collect this special data fiom laige gioups of 
peisons m the field We are restricted to the information we 
can obtain from the data lecoids that are made available to 
us from healing conservation piogiams already organized 
and earned out m industry As a specific illustration of this 
type of data analysis, let me desenbe a lecent study made at 
the Research Centei of the Subcommittee on Noise in Industry 

RECENT STUDY OF INDUSTRIAL HEARING LOSS 

The law data foi this study were obtained fiom lecoids 
which had been made available by a laige aircraft manufac¬ 
turer These data weie enteied on punched cards and were 
then analyzed with lespect to thiee topics 1 Evidence foi 
healing loss caused by noise-exposure, 2 differences in hear¬ 
ing loss occunmg m diffeient plant occupations within the 
company, and S possible sources of enoi which might in¬ 
validate the lesnlts of the study 
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some disconcerting and unexplained discrepancies which ap¬ 
peared when the curves were compared with hearing loss 
curves from other studies 

Specifically, the. average hearing losses at the highei fre¬ 
quencies for both groups from the airciaft plant, (riveteis 
and flight line mechanics) are less than hearing losses for 
any occupational gioup, even foi office woikers, measured at 
a State Fair Hearing Survey conducted at Milwaukee, Wise, 
m 1954 This lesult suggests that a search should be made 
for possible souices of bias m both sets of data Some un¬ 
specified selective factors mav ha\e operated m the assign- 
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does healing loss mciease at tested fiequencies above 3000 
cps 

The data weie also analyzed with lespect to differences m 
heai mg loss that might occui m diffeient occupations in the 
an ci aft company A companson of the heaung losses o 
uveteis and of jet flight line mechanics may be made fiom 
the cuives piesented m Fig 3 Note that theie is a conslSt ^ 
diffeience between the median losses of the two gioups, 
that the flight line mechanics have the bettei heaimg m all ag 
gioups The diffeiences aie piobably statistically signitica , 
but tests foi statistical significance weie not made because 
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some disconcerting and unexplained disci epancies which ap¬ 
peared when the curves weie compaied with healing loss 
curves from othei studies 

Specifically, the.aveiage hearing losses at the highei fie- 
quencies foi both gioups fiom the an craft plant, (nveteis 
and flight line mechanics) are less than hearing losses for 
any occupational gioup, even foi office workers, measuied at 
a State Fair Hearing Survey conducted at Milwaukee, Wise, 
in 1954 This lesult suggests that a seaich should be made 
foi possible souices of bias m both sets of data Some un¬ 
specified selective factors may have opeiated m the assign- 
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mont of men to a piuticulm woilc catcgoiv m the anciaft 
plant, then too, the audiogiams in this plant mav have been 
influenced bv ceitain medical lefcnal policies 

The lecoids with the sonal audiogiams wcie checked ca J o- 
fully foi obvious eiiois such as deci easing age, mipossib c 
changes m veais of noise-cxposuie such as a lustoiv of five 
\eais m noise on one lecoid and six months latci a lustoiv 
of seven veais m noise, etc These data showed eiiois of t us 
tvpe in less than 1 pci cent of the i ccoi ds 

What then have mo learned fiom this analysis’ The data 
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indicate that m geneial, high fiequency hearing loss mci eases 
with mciease m noise-exposure time up to six yeais, the time 
penod foi which data weie available, that within the com¬ 
pany jet flight line mechanics show less loss than riveters, 
and that these uveteis and mechanics show less healing loss 
than do compaiable age gioups m another study of men m 
what aie consideied to be non-noisy occupations Findings 
such as the lattei aie unexplained at present, and we aie 
understandably reluctant to accept at face value, 01 to publish 
without explanation, the results of this and other similai 
studies 

Oui expeilence, as exemplified in the study above, has in¬ 
dicated that many of the differences between groups of data 
axe not strictly 1 elated to diffeiences m noise-exposures, 01 
even to such lelevant factors as age Before we can diaw 
valid conclusions about the 1 elation of hearing loss to noise- 
exposuie, we must find ways to minimize the importance of, 
or to contiol statistically the factors that aie not 1 elated to 
the noise-exposuie The lemamdei of this paper will be de¬ 
voted to a discussion of some of the difficulties encountered 
in gathenng and analyzing data from field studies of noise- 
induced healing loss and to a brief description of attempts 
that aie being made to effect the necessary controls 

EXPERIMENTAL DIFFICULTIES 

In the mam, the difficulties encounteied m oui field le- 
seaich m industry aie of two kinds those peculiar to studies 
of noise-induced healing loss and those common to all experi¬ 
ments Thiee of the pioblems peculiai to studies of noise- 
mduced healing loss aie 

1 Descnption of Noise-exposw e One of the most difficult 
pioblems associated with a study of noise-exposuie is that of 
devising a method of desciibmg and categonzmg m a mean¬ 
ingful vay the multitudinous types of noise-exposuie en¬ 
counteied In 01 dei to descube noise-exposuie adequately for 
con elation purposes, some numencal method of classification 
must be evolved This method of classification must piovide 
a way of combining the measuiement of quantity of sound 
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ment of men to a particulai work categoiy in the au craft 
plant, then too, the audiogiams m this plant may have been 
influenced by certain medical lefenal policies 

The lecoids with the senal audiogiams weie checked caie- 
fulty foi obvious enors such as deci easing age, impossible 
changes m yeais of noise-exposuie such as a history of five 
yeais m noise on one lecoid and six months latei a histoiy 
of seven yeais in noise, etc These data showed enois of this 
type m less than 1 pel cent of the lecords 

What then have we learned fiom this analysis 9 The data 
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noise-exposuies fiom measuiements of then physical pa- 
lameteis, the second goal, which I feai will not be lealized 
foi some yeais, will be to index the auditoiy effects of vanous 
noise-exposuies on man 

2 Tempoi ary Tin esliold Sin ft A second difficulty peculiai 
to studies of heaung loss is caused by the tempoi ary heaung 
loss that lesults fiom seveial liouis exposuie to noise Re- 
coveiy fiom this loss is usually complete a few houis aftei 
cessation of exposuie, with the majoi part of the lecovery 
nonnally occunmg m the fust 30 to 60 minutes The ex¬ 
istence of this tempoi ary loss, oi tempoi ary tin esliold shift, 
has an important influence on the validity of field data 
Recent measuiements made m oui laboiatory indicate that 
at 4000 cps the tempoiaiy tlueshold shift lesultmg fiom 
two houis' exposuie to white noise may be less than 5 db 
in one peison and moie than 35 to 40 db m anothei Fig 4 
shows the mean tlueshold shift of a group of ten subjects 
whose heaung was measuied at half-hoiu mteivals, dui mg 
and aftei a two-houi exposuie to white noise of 100 db ovei- 
all sound piessuie level Tlieie appeals to be no systematic 
vanation m the size of the shift experienced by diffeient 
individuals 

We have also made field measuiements of the tempoiaiy 
tlueshold shift caused by exposuie to typical industrial noises 
These measuiements weie made thioughout the woikday on 
several hundied employees of an airciaft company The field 
findings confirmed the laboiatory findings 

If industrial heaung tests aie made late m the woikday 
aftei employees have expeiienced seveial hours of exposuie 
to noise, the lesultmg audiogiams will be contaminated by 
tempoi aiv thi esliold shifts Tempoi aiv thieshold shift, as a 
function of the time of day the audiogiam is made, can cause 
a consideiable vanation in an individual’s audiogiams, tlieie- 
foie, if some collection foi tempoiaiy tlueshold shift is not 
applied to industrial audiogiams the tiue tlueshold of heal¬ 
ing will be disguised by tempoiarv thieshold shifts, and much 
of the available field data will not be suitable foi studies of 
permanent heaung loss 
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eneigy with measui ements of its time distubution The le- 
sult might be called a "noise-exposuie-mdex ” One appioach 
to the total problem would be to index noise-exposuie first 
with lespect to its 'physical dimensions, and then as a furthei 
step, to index the effects of the noise-exposuie on man The 
pioblem of assessing noise-exposuie is veiy complex, and 
laige amounts of data must be gatheied and analyzed befoie 
we can say what a piactical and useful assessment of noise- 
exposuie is 

Recent measurements indicate that sufficiently detailed 
mfoimation about the eneigy content of noise-exposuie is 
not piovided by RMS measui ements A lepoit fiom Haiold 
Ci ouch, of Eastman Kodak Co, shows that although the 
RMS values of oveiall levels of certain so-called “steady state” 
noises weie m the legion of 100 db, the instantaneous levels 
weie as high as 120 db foi 10 per cent oi 15 per cent of the 
time In my opinion, evidence such as this must not be ovei- 
looked We may find that peak factors m noise-exposuie 
conelate better with resulting healing loss than do some of 
the factois we have already consideied, such as the frequency 
distubution of energy m the noise-exposuie In spite of the 
vai lability of the mdustnal piocesses and of the accompany¬ 
ing noise-exposures, laige numbeis of industrial audiogiams 
show the same type of heaiing loss the loss begins m the 
legion of 4000 cps and spieads m both duections as ex- 
posuie time increases It appears then, that energy content of 
noise, its peaks, its time distubution and its total duiation, 
legardless of spectial distribution, are factois which beai 
close scrutiny 

Although we aie cognizant of the fact that time plays a 
pait m the pioduction of heaiing loss, we have not yet learned 
what time interval is most suitable foi con elation purposes, 
should it be one work day, one woik year, oi some point be¬ 
tween 7 

The Reseaich Centei of the Subcommittee on Noise in In¬ 
dustry has lecently undertaken a program of gatheiing and 
analyzing detailed information about noise-exposures The 
first goal of this piogiam is to devise a method of indexing 
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noise-exposuies fiom measuiements of then physical pa- 
lameteis, the second goal, which I feai will not be lealized 
for some yeais, will be to index the auditory effects of various 
noise-exposuies on man 

2 Tempo ? a? y Tin eshold Shift A second difficulty peculiai 
to studies of heaung loss is caused by the tempoiary healing 
loss that xesults fiom seveial liouis exposuie to noise Re¬ 
covery fiom this loss is usually complete a few liouis aftei 
cessation of exposuie, with the majoi part of the lecovery 
normally occumng m the first 30 to 60 minutes The ex¬ 
istence of this tempoiary loss, oi tempoiary tin eshold shift , 
lias an important influence on the validity of field data 
Recent measuiements made m oui laboiatory indicate that 
at 4000 cps the tempoiaiy thieshold shift lesultmg fiom 
two horns’ exposuie to white noise may be less than 5 db 
m one pel son and moie than 35 to 40 db m anothei Fig 4 
shows the mean thieshold shift of a gioup of ten subjects 
whose hearing was measuied at half-houi mteivals, dunng 
and aftei a two-houi exposuie to white noise of 100 db over¬ 
all sound piessure level There appeals to be no systematic 
vanation in the size of the shift expenenced by diffeient 
individuals 

We have also made field measuiements of the temporary 
threshold shift caused by exposuie to typical mdustnal noises 
These measuiements weie made thioughout the woikday on 
several hundied employees of an anciaft company The field 
findings confirmed the laboiatory findings 

If mdustiial hearing tests aie made late m the woikday 
aftei employees have expenenced seveial hours of exposuie 
to noise, the resulting audiogiams will be contaminated by 
tempoiaiy thieshold shifts Tempoiaiv thieshold shift, as a 
function of the time of day the audiogiam is made, can cause 
a consideiable vanation m an individual’s audiogiams, theie- 
foie, if some collection foi tempoiary thieshold shift is not 
applied to mdustiial audiogiams the tiue threshold of heal¬ 
ing will be disguised by tempoiarv thieshold shifts, and much 
of the available field data will not be suitable foi studies of 
permanent healing loss 
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In what ways can we conti ol the effect of temporary thresh¬ 
old shift 7 Ideally, we might use only those audiograms that 
weie made at least 16 houis after cessation of exposure to 
noise This obviously limits us to too few audiograms foi 
good statistical analyses On the other hand, it is impossible 
for industry to make all audiograms at the beginning of the 
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woikday befoie employees have been exposed to noise Our 
most fiuitful appioach seems to be to devise some valid 
statistical method for conti oiling the effect of tempoiary 
thieshold shift We hope to gain enough information fiom 
oui laboiatory studies and fiom analyses of laige numbeis 
of mdustnal lecoids winch include the time of day the audio- 
giam was made to be able to devise such a method The 
laboiatoiy measuiements will tell us, foi continuous exposuie 
to noises which aie similai to white noise, how much tem¬ 
poral y threshold shift is to be expected on the average at 
diffeient houis duimg the woik day Incidentally, it should 
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be made clear that recording the time of day the audiogram 
was made is not sufficient, a statement which descubes the 
amount of noise-exposuie prior to the time of giving the 
heai mg test should also be mcluded Further, there are 
promising indications from our studies of industrial xecords 
that if we have a measure of the noise-exposure we may be 
able to use late-in-the-day audiograms to predict the average 
“pre-exposure” threshold for a group of employees, or as I 
prefer to call it, the average lesting threshold for the group 

3 Hearing loss that accompanies age A third difficulty 
which besets the study of noise-induced hearing loss is the 
compounding of mner-eai hearmg losses due to several causes 
Age, otological disease and noise-exposure may all produce 
mner-ear hearmg loss There is no way of telling from the 
individual audiogram which of these causes produced a given 
loss Assummg that we can identify all cases of otological 
disease from medical histones and so can eliminate them 
from samples to be studied, we are still faced with the piob- 
lem of separating noise-induced hearing loss from “age- 
induced” hearmg loss 

Theie is a semantic difficulty here as well as a procedural 
problem Let me explam The word most commonly used 
to denote loss of hearing with age m “presbycusis ” Stnctly 
speaking, “presbycusis” denotes only that there is a relation 
between hearmg loss and age, it does not specify what the 
relation is The meanmg of the word has become somewhat 
restricted, howevei, by usage and by analogy with the re¬ 
stricted meamng of other terms containing the prefix “pres- 
by- ” In medical literature, the word “presbycusis” has been 
used commonly to denote hearmg loss that accompanies age 
and that lesults only from physiological changes that occur 
with the passage of time Schuknecht* describes the cause of 
presbycusis as “degenerative changes beginning at the basal 
end of the cochlea and extending toward the apex, affecting 
almost equally and simultaneously the various structures 
within the cochlear duct, including the afferent and efferent 

iQR? CtmkneCht ’ ^ F ^ebycusls The Larvng-oscope 45 402-419 June 
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neive fibeis The foimation of this ati opine lesion lesembles 
the a ge piocess known to affect othei tissues as age mcieases ” 

Although the teim “piesbycusis” is not now so lestucted, 
we feel that it should be leseived to denote specifically the 
heaimg loss that is pioduced as a result of the aging piocess, 
and that is not dnectly 1 elated to envn onmental factors In 
addition to the teim "piebycusis,” then, we need woids to 
descnbe mnei-eai heaimg losses caused by noise-exposuies 
The laige heaimg losses of noise woikeis ceitamly cannot 
be consideied as a tme leflection of changes pioduced by age 
alone, m pait, these losses aie caused directly by the envnon- 
ment Theie is also some indication that a laige pioportion 
of the population, including peisons not employed in noisy 
occupations, may sustain an aveiage noise-induced heaimg 
loss that is gieatei than piesbycusis but is consideiably less 
than the aveiage noise-induced occupational loss This smallei 
noise-induced loss lesults presumably fiom exposuie to social 
and domestic noises that aie common m oui society We aie 
now making measuiements to deteimme the magnitude of 
this loss 

At this time we considei mnei-eai heaimg losses not caused 
by otological disease to be made up of one 01 moie of these 
thiee losses 

1 The loss pioduced by physiological aging processes, 01 
“piebycusis” Piesb 3 , 'cusis has no dnect causal lelation to 
noise-exposuie 

2 The loss pioduced by noise-exposuies not gieatei than 
those found m oidmary envn onmental social situations Foi 
want of a bettei term this heaimg loss might be called 
“sociocusis ” Sociocusis is causally l elated to the noise- 
exposuie encountered m non-occupational pui suits and/oi m 
occupations where the noise levels do not oidmanly exceed 
those found m oui social envnonments The noise-exposuies 
m most offices, foi example, aie less than the exposuies one 
encounteis m many social and domestic activities such as 
udmg m an automobile with the windows open, opeiatmg 
washing machines, vacuum cleaneis, electnc mixeis and othei 
noise pioducmg home appliances These two losses, piesby- 
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cusis and sociocusis, aie not necessarily 1 elated to one’s occu¬ 
pation Disease, diet, stiess and social environmental noise 
undoubtedly produce a gradual loss of hearing which increases 
with advancing age Tins concept of “wear and tear” on the 
auditory system from non-occupational causes must be con- 
sideied if we aie to come to any sensible decision regarding 
noise-induced hearing loss 

3 The loss produced by mdustnal 01 military high level 
noise-exposures, 01 , if you will, “occupational healing loss ” 

In oidei to diaw conclusions legaldmg the auditory effects 
of specific noise-exposuies we must piovide a method for 
sepalatmg out the non-noise-exposuie-i elated heaung loss 
Oui piesent concept is that occupational heaung loss and 
the heaung loss accompanying age aie additive losses The 
true natuie of the intei 1 elation of noise-exposuie and othei 
causes of heaung loss lemams to be detei mined, but until it 
is, we shall continue to assume that mnei-eai heaung losses, 
fiom whatevei cause, aie additive Undei this assumption 
we determine the aveiage occupational heaung loss as fol¬ 
lows 1 measure the total heaung loss, 2 subtiact fiom this 
measuied hearing loss the amount of loss to be expected fiom 
non-occupational causes, the lemamdei is the occupational 
heaung loss How laige is the expected non-occupational loss 7 
The answei may be found by measunng the heaung of many 
pel sons who have no otological disease and who have not 
been exposed to high noise levels foi extended peiiods of 
time The curves shown m Figs 5 and 6 are repiesentative 
of the “non-occupational heaung loss that accompanies age” 
foi males and females respectively These curves “summar¬ 
ize” the heaung measurements made on seveial hundied male 
office woikeis and female office workeis, housewives, etc , 
with no history of disease or occupational noise-exposuie 

FIELD EXPERIMENTS DIFFICULT TO CONTROL 

Let us now considei some of the difficulties associated 
with the actual gathering of data m the field 

First , from a practical standpoint the piocess of hearing 
measurement alone presents many almost insurmountable 
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neive fibeis The foimation of this atrophic lesion lesembles 
the age pi ocess known to affect othei tissues as age mci eases ” 

Although the teim “piesbycusis” is not now so lestncted, 
we feel that it should be leseived to denote specifically the 
heaiing loss that is produced as a lesult of the aging pi ocess, 
and that is not dnectly related to envnonmental factors In 
addition to the teim “prebycusis,” then, we need woids to 
descube mnei-eai hearing losses caused by noise-exposuies 
The laige heaiing losses of noise woikeis ceitamly cannot 
be consideied as a tiue reflection of changes produced by age 
alone, in part, these losses are caused dnectly by the envnon- 
ment Theie is also some indication that a laige pioportion 
of the population, including peisons not employed m noisy 
occupations, may sustain an aveiage noise-induced heaiing 
loss that is gieatei than piesbycusis but is consideiably less 
than the aveiage noise-induced occupational loss This smallei 
noise-induced loss lesults presumably from exposuie to social 
and domestic noises that aie common m our society We aie 
now making measurements to deteimme the magnitude of 
this loss 

At this time we considei mnei-eai heaiing losses not caused 
by otological disease to be made up of one 01 moie of these 
thiee losses 

1 The loss pioduced by physiological aging processes, or 
“piebycusis ” Presbycusis has no dnect causal 1 elation to 
noise-exposuie 

2 The loss pioduced by noise-exposures not gieatei than 
those found m oidinary envnonmental social situations Foi 
want of a bettei term this heaiing loss might be called 
“sociocusis ” Sociocusis is causally i elated to the noise- 
exposuie encountered m non-occupational puisuits and/or in 
occupations wheie the noise levels do not ordinallly exceed 
those found m oui social environments The noise-exposures 
m most offices, foi example, aie less than the exposures one 
encounteis m many social and domestic activities such as 
udmg m an automobile with the windows open, opeiatmg 
waslung machines, vacuum cleaneis, electnc mixeis and othei 
noise producing home appliances These two losses, piesby- 
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OjKYlS of PRESBICUMS PIUS SOCIOCUSIo (\ON- 
OCOJPATIONAL HEARING LOSS THAT VCCoMPAMLS 
AGC) FEMALES UITH NO HISTORY OF OCCUPA¬ 
TIONAL NOISL-EAPOSURL 1954 tiliCONMN 
STATE FAIK HE \M\G SURVEI 
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Second, in spite of tlie ai ailability of prefabricated test 
booths, the enin onmental conditions under which most in¬ 
dustrial audiometry is done leave much to be desired We 
are now engaged m an educational campaign to make mdus- 
tiial and military physicians and technicians fully aware of 
the importance of propel test conditions The pertinent in¬ 
formation is made available m the levised Guide, in journal 
articles, in special training courses offeied for audiometric 
technicians, etc 

Third, an examination of the methods of lecoidmg data 
leveals variations, inadequacies and errors which make it 
almost impossible to use much of the available matenal 
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difficulties Foi leseaich purposes we should have measuie- 
ments of thieshold i espouses to puie tone stimuli, but it is 
piactically impossible to make such measuiements for the 
employees m laige mdustnes A tiend towaid scieemng 
audiometiy is becoming evident m the laigei plants Theie 
is usually time foi thieshold tests duung the pie-employment 
physical examinations, howevei, and we have consistently 
uiged that thieshold healing tests be made a part of this 



Pig: 6 Curves of presbycusle and soelocusls (nonoccupatlonal 
loss that accompanies age) male office workers—1954 Wisconsin State r 
Hearing- Sur\e> (604 ears) 


examination We have also lecommended that lapid follow¬ 
up tests of heaung 01 lecheck tests be made foi many em¬ 
ployees with the single fiequency scieemng method devised 
by Di Howaid House and myself The time saved by use 
of this scieemng technique should make it possible foi most 
industries to give thieshold tests to employees whose heaung 
has undeigone a significant change These lecommendations 
and many otheis have been made available to mdustiy in oui 
levised Guide foi Conseivation of Hearing in Noise, published 
m 1957 
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Fouith, one of the woist pioblems to contend with m the 
use of mdustnal data is the lapid tumovei of peisonnel 
Very few noisy mdustnes employ the same peisonnel ovei 
long enough penods of time foi us to make fiuitful studies 
of heaung loss The anciaft companies, foi example, have 
almost a 100 pei cent tumovei pel yeai m then noisj r de- 
paitments Consequently, it is unusual to be able to follow 
the same peison with lepeat tests foi moie than a few months 
at a time Foi this leason, we must obtain very large amounts 
of data if we aie to diaw valid conclusions about industrial 
heaung loss in general 

Fifth, audiometnc data is subject to the usual enois of 
sampling and measurement Such enois may make measuied 
values consistently laigei than 01 smallei than the “tiue” 
value Vanable enois may cause measuied values to fluctu¬ 
ate fiom one occasion to anothei and theieby “hide” changes 
011 elationships m a maze of vai lable unstable numbers Com¬ 
pany policy foi assigning men to vanous jobs may give use 
to sampling bias by pioducmg an occupational gioup within 
the company that is not typical of the occupation m industry 
as a whole Enois may lesult fiom failuie to contiol relevant 
factors while measurements aie being made Audiometnc 
measurements, foi example, aie known to be influenced by 
such effects as piactice and fatigue Expenmenteis must be 
caieful to equate companson gioups in such matteis as age, 
sex, etc The calibration of the equipment must not be 
changed between the time of testmg one companson gioup 
and anothei 


CONCLUSIONS 

In spite of the many very leal difficulties that aie encoun¬ 
tered m field studies of industrial heaung loss we feel that 
mdustnal and military audiometnc data can be used to good 
advantage if they aie piopeily lecoided and if the necessary 
supplementary mfoimation is included m each recoid Foi 
leseaich purposes, industrial lecoids should contain at least, 
1 the age, m years, of the peison tested, 2 a standaidized 
specification of the noise envnonment, 3 an accurate lecoid 
of the ipan’s exposuie history, U a statement of the leason 
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Recognizing the impoitance of accuiate lecoids, we devised 
a standaid foim foi lecoidmg heaung conservation data 
This foim, called a “Healing Conseivation Data Caid” is 
shown in Fig 7 The Data Card is unquestionably a step m 
the light dnection, but undoubtedly it will be yeais befoie it 
will be accepted by industiv m geneial 
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and limitations, future industrial data can be used to good 
advantage if certain remediable faults are conected 

A LABORATORY METHOD FOR THE STUDY 
OF ACOUSTIC TRAUMA * 

Donald H Eldredge, 
and 

Walter P Covell, 

Central Institute foi the Deaf and Washington University, 

St Louis, Mo 

To begin I should like to stiess two points first, the work 
to be discussed heie is part of a continuing pioject to learn 
moie about acoustic injury of the eai Many otheis woikmg 
at the Central Institute for the Deaf, especially Dis Davis, 
Riesco-MacClure, Fem&ndez, Tasaki, Legouix, Goldstein and 
Benson, have made majoi contributions to these techniques 
m the past Di Davis continues as oui most helpful advisor, 
and, when he has time left over from his many other duties 
and researches, is still an active collaborator 

Second, we aie leally studying acoustic tiauma in the 
laboratory, and this is quite different from the subject mattei 
of the othei presentations of this morning Ideally, in plan¬ 
ning this piogiam Drs Silverman and Hirsh would like to 
have had someone describe the pathologic physiology of human 
eais which had been exposed to the noise of, say a drop forge 
for 5, 10, 20 and 30 yeais This is not possible, and so we aie 
to discuss acoustic injuries to the guinea pig ear We would 
like to know about real deficits in hearing function, but we 
must look at cochlear potentials and cochleai anatomy m the 
guinea pig We would like to know about exposures that 
continue foi yeais, instead, our experimental exposuies last 
minutes to hours Although some lesults from our experi¬ 
ments will be piesented, the title, “A Laboratory Method for 

♦Supported by Contract No AP 33(616)-3637 between Washington Univer- 
slty and the BIo-Acoustlc Branch of the Aero Medical Laboratorj Wright 
Air Development Center 

Reproduction in whole or in part Is permitted for anj purpose of the 
United States Government. 
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foi making the audiogram, and 5 the date and time within 
the woik cycle when the measiuement was made 

SUMMARY 

Finally, let me summanze the mam points of the papei 
1 Design m mdustnal field reseaich is laigely restucted to 
appiopnate tailoung of existing data production methods It 
is unlike laboratory reseaich where experiments can be de¬ 
signed to yield the type of data needed, and since manipulative 
conti ols are not feasible, statistical conti ols must be provided 
dui mg analysis of the data—a situation which geneially re- 
qunes the collection of very large amounts of data 2 Many 
lestnctions aie imposed on the use of audiometric data ob¬ 
tained through usual industrial channels, because most in¬ 
dustrial groups are not homogeneous as to noise-exposure 
history, job continuity, use of ear protection, and time of 
hearing test duung a day Furthei, because companies differ 
in their method of recoid keeping, the data are likely to vaiy 
in respects that may limit the usefulness of the information 
m studies which combine company samples Although such 
lestnctions do not make the data useless they do point out 
the need for careful scrutiny and skillful analysis if valid 
conclusions are to be drawn 8 There aie a large numbei of 
specific factors which can i educe the validity of data collected 
m industrial situations Some of these factors can be elimi¬ 
nated Foi example, poor testing environments pooily 
tiamed audiometnc technicians, obvious enors m data lecord- 
mg, and nonstandard or inadequate methods of data lecoid- 
mg On the other hand, there are many conditions which 
cannot be altered For example, it is improbable that in¬ 
dustry m general will be able to make all audiograms aftei 
a peuod of absence fiom noise-exposuie U Data will be 
moie useful if the foi ms used to lecord the data are standaid- 
lzed In a standaid form particular attention should be paid 
to details of noise-exposui e, to time of hearing tests, and to 
the i eason for the hearing tests 5 Explanations for some of 
the disciepancies disclosed m industrial data are (a) biases 
opeiatmg m the selection of the sample and (b) nomepre- 
sentativeness of the audiograms 6 In spite of restnctions 
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the values fox "tlueshold” shift conespondmg to tliese m- 
junes is slightly less, the geneial tiend is the same 

The pi epaiation of good tempoial bone specmiens foi micio- 
scopic studj 7 is a slow tedious piocess, and the “feedback” of 
information fiom one expenment to the next is very slow if 
we lely solely on this method, howevei, one knows the 
“thiesliold” shift foi the CM immediately, and using the 
information fiom this slide, can quickly estimate the anatom¬ 
ical degiee of an acoustic injury In addition, otliei electio- 
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Fig“ 2 Local injure to the hair cells In the third turn plotted against 
decibels rise of CM threshold for 500 c,p s In the third turn The 
svmbols correspond to the different durations of the recovery period. 


physiological potentials can be measuied When these aie 
compaied to each other and to the anatomical mjuiies later 
observed, theie is a good possibility that oui undeistanding 
of the pathologic physiology of acoustic trauma will be nn- 
pioved These ideas weie basic to oui plans foi the experi¬ 
ments I will describe 

Now let us ask a question about acoustic trauma What 
recipiocal changes m the intensity and duiation of an acoustic 
stimulus will pioduce a constant injury to the organ of Corti ? 
Foi years we have been aware that brief, but intense, stimuli 
(for example, an explosion) can leave a permanent heai mg 
loss Other stimuli which aie apparently harmless for short 
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the Study of Acoustic Tiauma,” was chosen to emphasize that 
we aie not talking about Healing Loss and Noise Exposuie in 
the mam sense of tins session 

Some time ago Hallowell Davis 1 and the numeious collaboia- 
tois mentioned eaihei noted a 1 elation between the "tlnesh- 
old” shift foi the cochleai miciophonic as lecoided by diffei- 
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Fig 1 The elevation of the threshold’ of the cochlear mlcrophonic 
as measured in Turn I bj differential electrodes The ordlnant ls 
anatomical Injury rating" scale of nine points The heav;> .horizontal 
dl\ldes the probably permanent Injuries to hair cells (aboie)» jronj \n 
probablj re\erslble injuries (beloT *) The crosses represent dliie on 
electrodes 


ential electiodes placed m scala vestibuh and scala tympam, 
and the anatomical injury observed between these electiodes 
aftei acoustic tiauma This relation is shown m Fig 1 The 
oidmant is an anatomical mjuiy latmg scale of nine points 
Injury latmgs of 3, 3+, 4, and 4+ weie consideied to lepie- 
sent piobably peimanent mjuiy to the liau cells of the oigan 
of Coiti, and weie associated with “threshold” shifts of the 
cochleai miciophonic potential of about 40-60 decibels Fig 2, 
taken fi om one of oui moie lecent papeis, 2 shows the same 
ielation measuied aftei the eais had been allowed to lecovex 
fiom the acoustic tiauma foi peuods up to 14 days Although 
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ant, and the duiation plotted logarithmically m minutes on 
the abscissa The numbei of ears m each group vaned from 
one to ten Five to ten ears weie used foi exposures which 
gave 40 to 60 db “tlneshold” shifts, wheieas only one, two 
or thiee weie used to exploie the exposures above and below 
this lange Open cncles designate aveiage shifts of less 


"THRESHOLD* SHIFT OF CM IN DB FOLLOV/ING TONAL EXPOSURE 



Exposure Duration 


Fie 3 Sound pressure le\els and durations of exposures to 500 c.p s 
tone Numbers Indicate a\eragre threshold shirt for CM from Turn III 
in response to 500 c.p s t^st tone Open circles Indicate exposures %\ hich 
produced less than 40 db shift half-filled circles Indicate 40 to 00 db 
shift and solid circles indicate more than 60 db shift Line described In 
text. 


than 40 db , and filled circles represent average shifts of 
moie than 60 db The half-filled circles designate the ex- 
posuies which pioduced oui cutenon shift of 40 to 60 db 

Foi a moment let us turn to the pioblem of chronic noise- 
induced hearing loss In trying to arrive at some reasonable 
way to relate the contributions of sound piessuie level and 
duiation of exposures to the hazaid of noise exposure, an 
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exposures can produce peimanent healing losses if the ex¬ 
posure is made sufficiently long There is a tiemendous 
continuum between these durations, measured m milliseconds 
on the one hand and yeais on the other The fust experiment 
to be described deals with durations of stimuli only between 
one and 160 minutes We consider these durations to fall m 
the category of acute acoustic trauma, not chionic noise- 
mduced healing loss 

Foi the tiaumatic stimulus we used a 500 cps tone gen¬ 
erated by an enclosed acoustic system sealed to the eai canal 
of the guinea pig This acoustic system was very stable, and 
carefully calibrated so that we could specify the sound pies- 
suie level of the stimuli at the tympanic membiane within 
±:2 db Remembering yesterday’s presentations, a 500 cps 
tone will stimulate all the turns of the cochlea neaily to the 
apex The greatest amplitude of motion in the basilai mem¬ 
biane will appear m the third turn We would expect the 
moie seveie injunes heie also, with lessei oi possibly no 
mjunes elsewhere along the basilar membrane 

Pairs of differential electrodes lecoidmg fiom the fust 
and the thud turns weie used to measuie the cochlear, micio- 
ph onics geneiated at these two locations The “threshold” 
shift foi the cochleai miciophonic produced by a 500 cps 
test tone, and measured fiom the third turn, should indicate 
the moie severe mjuiy The same measure, “threshold” shift 
foi the CM produced by test tones (we used 500, 2000 and 
8000 cps ) lecoided from the fust tuin should indicate the 
degree of anatomical injury m the fust turn To avoid the 
effects of tiansitoiy fatigue, the measuiements weie made one 
horn aftei the end of the tiaumatic stimulus 

Taking some clues about critical exposures fiom pievious 
expel iments, we set about exposing guinea pig ears to the 
500 cps tone, planning the expeiiments as we went along 
The idea was to use exposuies which would “biacket” oui 
cnteiion injury as indicated by “thieshold” shifts, measuied 
m the thud turn foi a 500 cps test tone In Fig 3 aie shown 
the exposuies used and the aveiage “thieshold” shifts foi the 
vanous exposuie conditions Each point lepiesents one gioup 
of exposuies to the sound pressuie level shown on the oidm- 
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ant, and the duration plotted loganthmicallv m minutes on 
the abscissa The nunibei of eais in each group vaned fiom 
one to ten Fi\e to ten ears weie used for exposuies which 
gave 40 to 60 db "threshold” shifts, wheieas only one, two 
or three weie used to exploie the exposuies abore and below 
tins range Open circles designate aveiage shifts of less 


"THRESHOLD"SHIFT OF CM IN DB FOLLOWING TONAL EXPOSURE 



Exposure Duration 


Fig- 3 Sound pressure levels and durations of exposures to 500 c.p s 
tone lumbers Indicate a\ erage threshold shift for CM from Turn III 
in response to 500 c.p s test tone Open circles Indicate exposures which 
produced less than 40 db shift half-filled circles Indicate 40 to 60 db 
shift and solid circles Indicate more than 60 db shift Line described In 
text. 


than 40 db , and filled cucles lepresent a\ erage shifts of 
more than 60 db The half-filled circles designate the ex¬ 
posuies which produced oui criterion shift of 40 to 60 db 

Foi a moment let us turn to the pioblem of chronic noise- 
induced hearing* loss In trying to am\e at some leasonable 
way to l elate the contilbutions of sound piessuie level and 
duration of exposures to the hazaid of noise exposuie, an 
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exposuies can pioduce peimanent healing losses if the ex- 
posuie is made sufficiently long Theie is a tiemendous 
continuum between these duiations, measuied m milliseconds 
on the one hand and yeais on the other The fust expenment 
to be descnbed deals with duiations of stimuli only between 
one and 160 minutes We considei these durations to fall m 
the category of acute acoustic tiauma, not chiomc noise- 
mduced healing loss 

Foi the tiaumatic stimulus we used a 500 cps tone gen- 
eiated by an enclosed acoustic system sealed to the eai canal 
of the guinea pig This acoustic system was very stable, and 
caiefully calibiated so that we could specify the sound pies- 
suie level of the stimuli at the tympanic membiane within 
±2 db Remembering yesteiday’s presentations, a 500 cps 
tone will stimulate all the turns of the cochlea neaily to the 
apex The gieatest amplitude of motion m the basilai mem- 
biane will appeal m the thud turn We would expect the 
moie seveie mjunes heie also, with lessei oi possibly no 
mjunes elsewheie along the basilar membiane 

Pairs of diffeiential electrodes recoidmg fiom the fust 
and the thud turns weie used to measuie the cochleai micio- 
phonics geneiated at these two locations The “thieshold” 
shift foi the cochleai miciophomc produced by a 500 cps 
test tone, and measured fiom the thud turn, should indicate 
the moie seveie injury The same measuie, "thieshold" shift 
foi the CM pioduced by test tones (we used 500, 2000 and 
8000 cps) lecoided fiom the fust turn should indicate the 
degiee of anatomical injury m the fust turn To avoid the 
effects of tiansitory fatigue, the measuiements weie made one 
houi aftei the end of the traumatic stimulus 

Taking some clues about critical exposures fiom pievious 
expei iments, we set about exposing guinea pig eais to the 
500 cps tone, planning the experiments as we went along 
The idea was to use exposui es which would “biacket" oui 
cuteiion injury as indicated by “thieshold" shifts, measuied 
m the thud turn foi a 500 cps test tone In Fig 3 aie shown 
the exposui es used and the aveiage “thieshold" shifts foi the 
vanous exposui e conditions Each point lepiesents one gioup 
of exposui es to the sound piessuie level shown on the ordm- 
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ANATOMICAL INJURY FOLLOWING TONAL EXPOSURE 



Fig: 4 Sound pressure level? and duration of exposure? to 500 c.p £ 
tone as in Fig 3. Injurv of hair cells in Turn HI proportional to amount 
of blackening of circles 


that the sound pressme le\el decreased only one decibel each 
tune the duration of exposuie is doubled, however, we must 
do the experiments which would “bracket” this new parameter 
before the parameter can be drawn with any degree of as¬ 
surance In particular, we must learn the sound pressure 
thresholds for severe injuries at the longer durations of 
exposure. 

The best we can do so far is to alter our concept of the 
relation between anatomical injury and “threshold” shift foi 
the cochlear microphomc responses Both can be produced 
by acoustic trauma, but each relates differentlv to the ex¬ 
posure dimensions of pressure and duration There is the 
further condition that definite injury to the organ of Corti 
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equal-enei gy hypothesis has been pioposed by Eldred, Gan¬ 
non and von Gieike 3 Although theie aie no dnect data to 
support this hypothesis, the lelations so descubed do not 
conflict with common expenence, and do appeal to be moie 
leasonable than othei aibitiary assumptions one could make 
The hypothesis assumes that noise exposuies may be equated 
with lespect to hazaid when the total acoustic eneigies of the 
exposuies aie equal A set of such equal exposuies can be 
descubed on a double logarithmic plot of sound piessuie and 
duration by a stiaight line with a slope such that it goes 
down 3 db m sound pressuie level each time the duiation 
of exposure is doubled 

A line which drops 3 db foi each doubling of duiation has 
been diawn thiough the exposure point descubed by 133 db 
foi five minutes and which gave an aveiage “thieshold” shift 
of 50 db This line lathei well descubes the paiametei of 
oui 40 to 60 db “threshold” shift cuteiion It does not do 
so well foi the one-minute exposures, and we have reason to 
suspect that the function descubed by this paiametei is 
leaching a limit at these sound piessuie levels Theie must 
also be a similai lowei limit, but this has not been sought 
systematically Parenthetically, I should note that this line 
should not be confused with othei equal-eneigy paiameteis 
which have been pioposed as safe foi human ears 

Befoie becoming too entianced with the possibilities for 
speculation on the good agieement between these data and the 
equal energy hypothesis, we ought to leview the pathology 
pioduced m these ears The anatomical mjunes to the hail 
cells of the oigan of Corti m the thud turn weie lated on the 
same nine-point scale which was the abscissa of the fust 
slides In Fig 4 the aveiage injury latmgs aie depicted by 
the blackened sectois of the cucles These cucles are, of 
couise, located m the same exposuie position as on Fig 3, 
and the same equal-eneigy line has also been earned foiwaid 
to piovide a common lefeience It is cleai that the degiee of 
mjuiy was pumaiily pioportional to sound piessuie level, 
although longei duiations of exposuie did slightly mciease 
the mjuiy latmgs The mjuiy latmgs of some of the penph- 
eial points invite a new line, which might have a slope such 
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equal-eneigy hypothesis has been pioposed by Eldied, Gan¬ 
non and von Gieike 3 Although theie aie no dnect data to 
suppoit this hypothesis, the lelations so descubed do not 
conflict with common expenence, and do appeal to be moie 
leasonable than othei aibitiaiy assumptions one could make 
The hypothesis assumes that noise exposuies may be equated 
with lespect to hazaid when the total acoustic eneigies of the 
exposuies aie equal A set of such equal exposuies can be 
descubed on a double loganthmic plot of sound piessuie and 
duiation by a stiaight line with a slope such that it goes 
down 3 db in sound piessuie level each time the duiation 
of exposure is doubled 

A line which diops 3 db foi each doubling of duiation has 
been diawn thiough the exposuie point descubed by 133 db 
foi five minutes and which gave an aveiage “thieshold” shift 
of 50 db This line lathei well descubes the paiametei of 
oui 40 to 60 db “thieshold” shift cuteiion It does not do 
so well foi the one-minute exposuies, and we have reason to 
suspect that the function descubed by this paiametei is 
leaching a limit at these sound piessuie levels Theie must 
also be a similai lowei limit, but this has not been sought 
systematically Paienthetically, I should note that this line 
should not be confused with othei equal-eneigy paiameteis 
which have been pioposed as safe foi human eais 

Befoie becoming too entianced with the possibilities for 
speculation on the good agieement between these data and the 
equal eneigy hypothesis, we ought to leview the pathology 
pioduced m these eais The anatomical injuiies to the hail 
cells of the oigan of Coiti m the thud turn weie lated on the 
same nine-point scale which was the abscissa of the fust 
slides In Fig 4 the aveiage mjuiy latmgs aie depicted by 
the blackened sectois of the cncles These cncles aie, of 
couise, located m the same exposuie position as on Fig 3, 
and the same equal-eneigy line has also been earned fonvaid 
to piovide a common lefeience It is cleai that the degiee of 
mjuiy was pumaiily pioportional to sound piessuie level, 
although longei duiations of exposuie did slightly mciease 
the mjuiy latmgs The mjuiy latings of some of the penph- 
eial points invite a new line, which might have a slope such 
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or near-normal cochlear miciophomcs m the semle guinea 
pig 4 Other detailed changes in the supporting cells of the 
oigan of Corti aie similai to changes observed by Lindsay, 
Perlman, Fernandez and Hemenway 5 following occlusion of 
the cochleai blood vessels 

It is quite possible that oui ongmal injury rating scale is 
appiopnate only to mjunes produced by stimuli which pio- 
duce motions that exceed certain elastic limits We may need 
to develop a new scale for lating the mjuries produced by the 
lower sound piessuie and longer duiation exposuies 

Anothei question we have asked is “how do puie tones 
compare with noises m then ability to mjuie the organ of 
Corti’” The cutical band hypothesis, which has been found 
extiemely useful in psychophysical expeiiments, suggests one 
possible relation Given a flat spectium noise which just 
masks a pure tone, only a nairow band of fiequencies around 
the puie tone actively contributes to the masking This 
cutical band of frequencies has the same acoustic energy as 
the puie tone The overall pattern of stimulation on the 
basilai membrane foi the tone and foi the cutical band can 
be infei red to be the same or veiy nearly so, and to be equally 
broad If injury to the organ of Corti depends upon the 
eneigy actually delivered to a particular legion of the basilai 
membiane we would expect a pure tone and its critical band 
to be equally mjuiious 

A 300-600 c p s band of noise contains more fiequencies 
than the critical band foi 500 c p s, and presumably dis¬ 
tributes energy to a larger portion of the basilar membiane 
than does a 500 cps tone If the total eneigy delivered to 
the basilar membrane is the same for the 300-600 cps band 
of noise and for the 500 cps tone, the area of the basilai 
membiane giving the greatest lesponse to 500 cps tones 
will have a higher energy density when the stimulus is the 
tone, than it will have when the stimulus is the band of noise 
Data supporting the cutical band hypothesis in man tell us 
that the energy concentration in this area should be about 7 
db more foi the puie tone If the injury at this location 
on the basilai membrane depends upon the energy density, 
it should be necessary foi the oveiall rms level of the 300-600 
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neaily always pioduces a deficit m the cochleai miciophomcs 
as we measuie them, wheieas a deficit in the cochleai micro- 
phomc lesponse is not always accompanied by the definite 
mj unes we aie accustomed to lecognize as such 

In Fig 5 is shown one mjuiy that is moie difficult to intei - 
piet m teims of probable function than otheis we have seen 
moie often in the past The hail cells of the oigan of Corti 



Fig* 5 Photomicrograph of a section through the third turn of a 
guinea pig cochlea showing reasonably intact organ of Corti except tor 
Deiters cells Some are detached from the basilar membrane and globules 
of their protoplasm appear in the tunnel of Corti—115X. 


do not appeal badly mjuied, but the Deiters cells supporting 
them have been injured to the extent that portions of these 
cells aie tom off and deposited m the tunnel of Corti Fiom 
othei studies 2 we mfei that these hail cells should regain a 
noimal appeal ance, but we do not know whethei they will be 
piopeily attached to the basilai membiane by the Deiters 
cells so that they can function noimally Similaily we aie 
not suie of the functional significance of loss of mesothehal 
cells Absence of mesothehal cells does not pieclude normal 



INTERNATIONAL CONFERENCE ON AUDIOLOGY 


475 


exposuie condition which pioduced a 40 to 60 db “threshold” 
shift foi the CM from the thud turn is six db below the 
coinespondmg sound pressuie level foi the puie tone Foi 
this exposuie condition we must cleaily accept the hypothesis 
that the peak displacements aie piimanly lesponsible foi the 
“thieshold” shifts obseived At the lowei levels and longei 



5 10 20 40 80 160 320 MINUTES 

Exposure Duration 


Flff 6 Sound pressure levels and duration of exposures to 300-600 c.p s 
band of noise Numbers Indicate a\erage threshold shift for CM from 
Turn HI In response to 500 c p s test tone Open circles Indicate exposures 
^.hich produced less than 40 db shift and solid circles Indicate more than 
60 db shift. Line Is from Flgr 3 for comparison 

duiations there is a tendency foi the exposuie conditions 
yielding the cntenon “thieshold” shifts to appioach this 
paiametei foi the puie tone exposuies The data aie not 
sufficient to determine leally piecise locations oi limits foi 
eithei set of expeiiments Eathei than thawing- a second 
lme foi the band of noise expeiiments, we piefei to state that 
it is diffeient fiom that foi the puie tone and starts at lowei 
sound pressuie levels Aheady we aie stretching the time 
limits foi acute expeiiments of this kind Both the tone and 
the band of noise paiameteis could be approaching the same 
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c p s band of noise to be seven db moi e than the rms level 
of the puie tone The noise should then mjuie a longer seg¬ 
ment of the basilai membiane, but the most seveie local m- 
junes should be the same We do not know the width of a 
cutical band for the guinea pig It should not, howevei, be 
diffeient m kind if the cutical band hypothesis depends on 
the space-time pattern of the waves m the basilai membiane, 
as is assumed foi the pui poses of this experiment 

It is also possible that peak displacements of the basilar 
membiane, rather than aveiage eneigy level, aie pumanly 
responsible for the mjunes we obseive This hypothesis 
depends on the concept of exceeding some elastic limit in the 
tissues The peak displacements produced by a puie tone aie, 
of couise, unifoim with lespect to time A band of noise of 
the same oveiall level will produce displacements of landom 
amplitude both gieatei and less than that of the puie tone 
Consideiably gieatei displacements will occui occasionally 
and could pioduce moie seveie mjunes We have not tried 
to quantify the differences, because we do not know the 
elastic limits of these tissues, howevei, if mjuiy does depend 
on peak displacement, the overall sound piessuie level of a 
band of noise lequired to pioduce a given injury will be less 
than that of the puie tone 

It is, of couise, also possible that the mjuiy may in some 
way depend primallly on the total eneigy deliveied to the 
cochlea In this case the mjunes should be the same when 
the oveiall rms levels of the band of noise and the puie tone 
aie the same 

Again using the 40 to 60 db “thieshold” shift of the CM, 
lecoided fiom the thud turn, to a 500 cps test tone as oui 
cntenon, we have exposed guinea pig eais to a caiefully 
calibiated 300-600 cps band of noise The lesults aie shown 
m Fig 6 The cooidmants and the symbols aie the same as 
foi Fig 3, showing the “thieshold” shifts pioduced by the 
puie tones The line which conesponded to the 40 to 60 db 
“thieshold” shift paiametei foi the puie tone exposuies also 
appeals foi companson 

Foi the five-minute exposure the sound piessuie level of an 
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exposuie condition which pioduced a 40 to 60 db “thieshold” 
shift foi the CM fiom the thud turn is six db below the 
com espondmg sound piessuie level foi the puie tone Foi 
this exposure condition we must cleaily accept the hypothesis 
that the peak displacements aie pnmauly lesponsible foi the 
“threshold” shifts observed At the lowei levels and longei 


"THRESHOLD'SHIFT OF CM IN DB FOLLOWING NOISE EXPOSURE 


DB 



Fig- 6 Sound pressure levels and duration of exposures to 300-600 c.p s 
band of noise. Numbers indicate average threshold shift for CAI from 
Turn 3X1 in response to 500 c p s test tone Open circles indicate exposures 
which produced less than 40 db shift and solid circles indicate more than 
60 db shift. Line Is from Fig 3 for comparison 

duiations there is a tendency foi the exposuie conditions 
yielding the critenon “thieshold” shifts to appioach this 
paiametei foi the puie tone exposuies The data aie not 
sufficient to determine leally piecise locations oi limits foi 
eithei set of expenments Rathei than chawing a second 
lme foi the band of noise expeuments, we prefei to state that 
it is diffeient fiom that foi the pure tone and starts at lowei 
sound pressuie levels Alieady we aie stietching the time 
limits foi acute expeuments of this kind Both the tone and 
the band of noise paiameteis could be approaching the same 
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i l0Wei S ° Und piessuie Ievel > 01 ^ is quite possibl 
that the lines may cioss, and at even lowei levels and longe 

durations of exposuie they may assume the i elation piedictei 
y he cntical band hypothesis Chrome expeiiments will h 
necessaiy befoie these questions can be lesolved 


The temporal bone specimens mjuxed by the band of noist 
aie qui e compaiable to those injuied by the puie tones with 
1 espect to the amount of mjuiy to hail cells As foi the 
exposuies to the 500 cps tone, the shoitei, higher-level ex¬ 
posures injured the hail cells moie seveiely than the longei, 
owei-evel exposuies Both stimuli pioduced maximum de- 
giee of mjuiy m the thnd turn of the cochlea The aieas of 
injury differed m that the mjuiies pioduced by the tone 
often spiead to the upper pait of the second turn, while the 
mjuiies pioduced by the band of noise spiead toward the 
fourth turn and often to the apex It is oui impiession that 
theie may be othei diffeiences The displacements of cells 
within the oigan of Coiti appeal lelatively greatei and moie 
obvious following the noise exposuies, and gloss luptuie of 
the oigan of Corti and of the reticulai lamina aie less fie- 
quent These displacements aie often accompanied by de- 
foimation of the tunnel of Corti and by a more fiequent 
swelling of Deiteis cells, which then appeal to encioach upon 
and defoim the hail cells The internal phalangeal cell may 
be tiemendously enlaiged and the internal hau cell actually 
displaced Stretching and luptuie of Reissnei's membiane 
occuis moie fiequently following the longei exposuies to the 
band of noise Foi the longest exposuies, mjuiy to Reissnei’s 
membiane was appaient even when mjuiies to the han cells 
weie mmoi and loss of CM lesponses only 20 to 30 db The 
exposuie to the tone (500 cps), on the othei hand, usually 
appealed to mjuie moie dnectly the hair cells and the me- 
sothelial cells 


The pathological diffeiences noted aie only tiends, and 
may not piove to be significant Thus we believe the mfei- 
ences we have diawn fiom the data on “thieshold” shift of 
the CM lesponses aie conect with i espect to the lelative 
hazaids of puie tones and bands of noise foi the buef intense 
exposuies we have used 


INTERNATIONAL CONFERENCE ON AUDIOLOGY 


477 


In summary, the “thieshold” shift foi the cochleai micio- 
phonic produced by acute acoustic tiauma by a 500 c p s tone 
obeys the equal-eneigy hypothesis when the duiation of ex¬ 
posure is between five and 160 minutes A 300-600 c p s 
band of noise at a lowei oveiall sound pressuie level than the 
500 c p s tone pioduces the same thieshold shift of the coch¬ 
lear miciophonic as the tone Fiom this we conclude that 
the shifts aie l elated to peak piessuies of the stimuli lathei 
than to the eneigy of the stimuli The same pathology is not 
observed foi all exposuie conditions which pioduce the same 
thieshold shifts of the cochleai miciophonic This lelation 
of the observed pathology is consistent with the finding that 
peak piessuies play such an impoitant lole in acute acoustic 
trauma 
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NOISE-INDUCED HEARING LOSS 
DIAGNOSIS, PRESBYCUSIS, SUSCEPTIBILITY * 

Gordon D Hoople, 

State Umveisity of New York, 

Syiacuse, New York 

The diagnosis of noise-mduced hearing loss is not a simple 
pioblem It would be convement, mdeed, if noise pioduced 

/Due to Dr Hoople 3 Illness this paper was read b\ Dr Ben H. Senturla 
of St. Louis. 
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a healing loss, the audiogiam of which would diffei ma- 
tenally from the audiogi’ams of eveiy othei known cause of 
hearing loss Since this is not the case othei factois m 
addition to an audiogiam must be taken into consideiation 

In the differential diagnosis of heaung losses, it is probable 
that the history given by the patient is one of the most im¬ 
portant factors to be appraised Obviously, if theie has been 
no exposure at all to noise, no mattei what the audiometnc 
curve may be, a demonstiated loss cannot be due to noise, 
howevei, if theie is sufficient exposuie to noise and heaung 
loss of the type usually found m patients who have been sub¬ 
jected to noise, then the demonstiated loss is piobably due 
to this cause How comforting it would be if the last part 
of the piecedmg sentence could lead “the demonstiated loss 
is suiely due to noise” It is raie, medically, that one can 
be as positive as this This is because, with man and his 
diseases, the blacks and the whites do not stand apart, they 
aie mixed Thus, one is confionted with the pioblem of as¬ 
certaining the amount of black and the amount of white in 
the presenting giey This problem comes to the foie when 
patients who have been exposed to noise, and who have a 
demonstiable loss, aie biought befoie juries or compensation 
refeiees, and doctois fiom one side testify theie is little 
hearing loss due to noise, and medical testimony fiom the 
othei side expi esses the opinion that most of the loss is due 
to noise Both sides admit they are talking m terms of giey, 
but they cannot agiee on the peicentages of the black and 
white which make up the giey, thus, it is that judgment 
must come into this picture when all of the facts of a given 
case have been bi ought to light 

With this m mind, theie aie seveial aspects m the history 
of such patients which can lend weight to one decision 01 the 
othei 

1 The chaiactei of the onset of any heaung loss This 
symposium is concerned with mdustnal noise-induced heal¬ 
ing loss Sudden explosive noises aie not included These 
sudden noises, if they aie sufficiently loud, often produce a 
sudden heai mg loss With mdustnal noise, the opposite of 
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sudden explosive noise, it is conceivable though highly lm- 
piobable that an exceptional susceptibility might account foi 
a peimanent sudden heaung loss This would be most un¬ 
usual I have nevei seen such a case and have nevei heaid 
of one, and mquny among my colleagues yields a like ex¬ 
pel lence, hence, theie must be a history of giadual loss 
Usually the discovery of such a loss is made by the family 01 
fuends of the patient The loss is so giadual (when at last 
it begins to be a slight handicap) that the patient does not 
leahze its piesence 

2 Associated vertigo Sudden loss may have accompanying 
vertigo, but theie is none with chiomc noise-mduced loss 

8 Accompanying tinnitus If this is piesent it is moie 
than likely that one can elicit a history of an mciease of its 
intensity late in the day of exposuie, oi m the following eaily 
evening hours It is also likely that a woikei will state that 
his heaung seems to be pooiei duung these same time penods 

U Theie is always some hearing loss m both ears, although 
one eai may have sustained gieatei loss than the othei Caie- 
ful inquiry into the exact nature of the mdividuars woik 
pattern and his exposuie to noise may leveal a cause for 
greatei loss m one eai than the othei In the gieat majority, 
however, the loss is essentially the same m both ears 

5 Fuithei mquny as to the patient's work conditions may 
suggest leasons why a loss is present Much noise m small 
enclosuies oi looms with reveibeiating walls will cause more 
loss than smnlai noise m open spaces Woik with pneumatic 
hammeis, pneumatic dulls, diop foiges, uvetmg guns and 
chipping tools aie notable foi then conti lbutions to hearing 
loss If furthei evidence of woik conditions aie available 
such as the oveiall intensity of the noise, its spectral chai- 
actenstics, and the length of time an individual has been 
exposed to these noise conditions, judgment can be moie coi- 
lectly given as to the cause of a woikei's hearing loss The 
time factoi is most important Without consideiable time 
spent m noise theie will be no permanent loss In truth, 
theie is no such thing as a hazaidous noise m industry Theie 
is only hazai dous noise exposure 
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6 It should be obvious that inquiry should be made foi 
other possible causes of healing loss m a given patient This 
inquiry should be duected, not only to the eais but also to 
any diseases oi accidents which might be conti lbutmg factors 
to a heaiing loss This might piove to be time consuming, 
but the histoiy should go even fuithei to include the hearing 
expei lence of all known lelatives 

Fiom these points it can be leadily seen that the histoiy 
can conti lbute much towaid a correct decision as to how 
much black and how much white theie may be m a given 
case, and certainly shows that a careful history should never 
be omitted m assaying a suspected noise-induced heaiing loss 

The second tool m the hand of the diagnostician, and one 
which is invaluable in arriving at a correct decision, is the 
examination of the patient as well as the assessment of his 
heaiing Heie, also, theie are points of distinct value 

1 Foi this discussion we will pass quickly ovei the geneial 
examination of the patient, both physical and laboiatory, but 
this may elicit a reason oi leasons foi a heaiing loss 

2 Theoretically, the examination of the eais, nose and 
throat should be noimal in an individual with noise-induced 
hearing loss foi exposuie to chronic noise causes no injury 
to these parts, i e , there should be a noimal dium head, but 
this is almost tantamount to saying that noise cannot cause 
heaiing loss m an ear which has been the victim of pievious 
disease While a well maiked conductive loss can give some 
pioteetion, mdustnal noise can and does cause changes m 
the cochlea of such eais In this aiea aie some of the most 
difficult decisions an otologist has to make, i e, how much of 
the loss of heai mg that is piesent is due to noise and how 
much is due to the concomitant conductive lesion 

3 Moie substantial aid is given the examinei by heaiing 
tests Significant findings include 

a Bone conduction leadings which paiallel the an curves 
Should a bone-an gap be piesent some additional cause foi 
the loss othei than noise must be in the pictuie 

b The an cuive will show a loss which is greatei at 4,000 
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c p s than any othei f 1 equency m almost every mstance 
This is always tiue when assaying an eaily loss It is prob¬ 
ably so m approximately 98 pei cent of all cases, even when 
long exposuie is known to be m the picture (see Fig 1) 
c The frequencies below 500 are rarely affected If hear¬ 
ing at these frequencies is depressed, seaich should be made 
foi othei causes 
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d When theie has been lengthy exposuie to certain noises 
and the lesultant healing loss shows a fan amount of change 
at 1,000 c p s, and even at 500 c p s the audiometric dip at 
4,000 cps tends to level out, oi even be eiadicated, but the 
audiogiam still is indicative of possible noise induced etiology 
(see Fig 2) 

e Concomitant disease and piesbycusis aie two important 
causes for an eradication of a notching 4,000 cps audiogiam 
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by causing even gieatei losses at the 6,000 and 8,000 fre¬ 
quencies Diseases and toxic conditions which may depiess 
the heaung m this mannei aie syphilis, dental, tonsillai and 
piostatic diseases, alcohol, nicotine, quinine, the salicylates, 
the mycms (antibiotics), senile vasculai changes, alleigy, 
etc (see Fig 3) (Example losses above 4,000 c p s aie the 
gieatest) 
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Fig- 3 


/ Pi lmanly the audiometi ic findings must be stable Thiee 
audiogiams, each taken one week apart and at least 40 hours 
aftei the last exposuie to noise, must show no appieciable 
vanation This should be a lequnement foi establishing a 
base line foi noise-induced heaung loss This piactice, if 
adopted, lules out any tempoiaiy threshold shift of heaung 
This tempoiary threshold shift is known to exist in all in¬ 
volved eais duimg and shortly aftei exposuie to noise Like¬ 
wise, this piactice will establish the peisistent heaung loss 
piesent aftei 40 horns, fiom the last exposuie Any change 
between the peisistent heaung loss and a latei deteimined 
peimanent loss will be minimal 

g Repeated audiogiams will be impoitant evidence in ml- 
mg out mahngeimg oi a false claim that a loss due to disease 
is due to noise Sometimes a single audiogiam will do this 
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(see Fig 4) (Example umlateial loss claimed to be due to 
chiomc noise exposuie) * 


PRESBYCUSIS 

Piesbycusis has been mentioned above as a complicating 
factor in intei pi etmg audiogiams when noise inducted heal¬ 
ing loss is suspected Some loss of sensitivity at some fie- 
quencies is to be expected as the noimal lesult of the piocess 
of ageing This has been shown m many studies, but those 
of Bunch, 1 the Woild’s Fan, 2 the San Diego Fan, 3 and the 
Wisconsin State Fan, 1 aie m leasonable agieement as to the 
heaung loss which is piesent due to ageing It is generally 
agieed that heaung losses due to noise and piesbycusis aie 
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additive 5 The Z24-X2 Committee of the Amencan Acous¬ 
tical Society pointed out that both piesbycusis and noise- 
mduced heaimg loss aie “mtia-coehleai deafness ” They aie 
indistinguishable micioscopically Both involve the perma¬ 
nent loss of some sensoiy cells and then nerve fibeis This 
Committee felt theie was no leason to suppose that pies¬ 
bycusis piotects the eai fiom furthei injury by noise, noi 
does it make the eai moie sensitive to injury 

An allowance foi the loss, due to piesbycusis, has been 
suggested foi appiaismg the healing loss m woikeis ovei 50 
yeais of age Foi the fiequency 2,000 c p s, this loss on the 
average amounts to about 5 db in the sixth decade, and 10 db 
m the seventh The losses at 4,000 cps on the average aie 
about 10 db and 20 db lespectively, but theie aie Iaige in¬ 
dividual diffeiences 6 


•See BtbIiograph\ 
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susceptibility 

That the human eai is susceptible to healing loss bv ev 

article m ^ ^ known fo1 y eais FosbiokeV 

of helrTn^l Wlltten 137 yeais a ^ this cause 

date Tint l0SS Was ul piobabIy ^cognized befoie this eaily 
some JS susceptible the eai may be, and whethei 01 not 

snhlLt ? are m ° ie susce P tlbIe thaa others has been a debated 
„ . , 01 SC ? 1 f s ye 313 The answei to the susceptibility 

..I , f 1Ve la t bei than absolute Ban* 3 commented 

lh f 1°° b0l!eimakels examined by him who had woiked at 
RrJfi a ? a ^ ^ eas ^ ^ 0Ul y eai s, none had noimal healing 
eima ng certainly is an occupation which has a hazaid- 
ex P 0SUle > paiticulaily when a woikei is subjected 
to the levelbeiating sounds inside a boilei What about less 
nazaidous noise exposuies 7 


Most wntezs on the subject of noise-induced heaung loss 
state that some human eais aie moie vulneiable than oth- 
eis, 910 but no one to date has fashioned a statistical table 
attempting to delineate what peicentage of all eais are, foi 
instance, highly susceptible, very susceptible, modeiately sus- 
cepti le, baiely susceptible, etc If one daied piepaie such 
a ta le it would have to be foi one certain well descubed and 
ac ornately measuied noise, existing undei known conditions, 
o which would have to be added the known length of ex¬ 
pos uie It is obvious that theie would have to be thousands 
of tables to have any value at all, foi the vanables aie multi- 
imensional, even then such tables would be valueless foi 
piotection pui poses, foi they could not delineate a paiticulai 
individual and indicate that he would be one of the highly 
susceptibles 


Theie has been much seaichmg foi a leliable test foi sen¬ 
sitivity Everyone acknowledges its desirability, but to date 
none of the advocated tests have been validated by piactical 
expei lence Tests have been devised, based on maiked loss 
of heaung immediately aftei exposuie to loud noise 11 01 on 
the basis of slow lecovery fiom such a tempoiaiy threshold 
shift, 12131415 but peisistent and peimanent heaung losses do 
not necessanly follow a tempoiaiy thieshold shift Heie 
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again vanables aie multidimensional Like vanables are 
present for the Lawrence and Blanchaid 16 aural harmonics 
test foi susceptibility 

Glong has stated fiom the examination of many thousands 
of mdustnal hearing lecoids there are only a few peisons 
who are highly susceptible to noise For the present, then, 
it seems expedient and wise to employ monitoring audiometry 
m all mdustiial situations where a noise problem exists, and 
to separate from their noisy envuonment those workers who 
show significant hearing losses on several 40 hours audio- 
grams This will protect both the employei and the em¬ 
ployees, and is a safe proceduie to use till furthei studies and 
further statistics can show that a valid susceptibility test is 
01 is not possible. 


SUMMARY 

The problem of the diagnosis of noise-mduced hearing loss 
is difficult, because losses due to causes othei than noise may 
be piesent A detailed history of a patient may furnish 
valuable mformatiom The examination of the patient, to¬ 
gether with a study of his audiogiams, can give furthei light 

Presbycusis is a known complicating factor, and an allow¬ 
ance foi its piesence should be made in woikeis ovei 50 yeais 
of age 

Susceptibility to noise is as yet an unsolved problem No 
predictive tests have been validated The answer to sus¬ 
ceptibility is relative rathei than absolute 
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EAR PROTECTION * 


J ZWISLOCKI,t 
Haivaid Umveisity, 
Cambndge, Mass 


Most pi obably, even those of you who do not take any active 
part m solving the noise pioblems must have noticed that 
these pioblems have been discussed, if not exhaustively, at 
least extensively at many times and at many places We have 
a journal entitled “Noise Contiol,” and a “Handbook of Noise 
Conti ol ” Numerous committees and meetings aie devoted 
to noise pioblems Possibly some of you might think that 
we aie making too much noise about noise, howevei, even 
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those who do think so must admit that, one way 01 the othei, 
we do have too much noise, and that something should be 
done about it 

I considei myself fortunate to have been given the oppoi- 
tumty of discussing one of the means of combating noise 
This gives me the feeling of usefulness, of doing something 
positive instead of just complaining Of couise I must admit 
that if nobody complained about noise, and theie aie still 
some left who do, I would have no business talking about 
eai piotection 

Now, back to the subject I doubt that anybody consideis 
the peisonal eai piotectois as the most desnable means of 
noise contiol Theie aie piobably no moie people who want 
to weai eai plugs 01 earmuffs than theie aie people who 
want to weai eyeglasses Although not the most desnable, 
personal eai piotectois aie piobably the most veisatile, ef¬ 
fective and the most economical means of noise conti ol This 
does not imply, of couise, that othei means should be happily 
abandoned In many situations we have to apply every tuck 
we know to keep noise at a toleiable level, and sometimes we 
lun out of tucks In addition, peisonal eai piotectois aie 
always somewhat uncomfortable and cumbeisome, and, maybe 
most important, they do not impiove speech communication 
by any considei able amount, except when the transmission 
occuis thiough an earphone, and the eai phone with its socket 
serves as an eai piotectoi 

The best means of noise control is undoubtedly to stop the 
noise light at its souice That means, not to make any noise 
at all Unfortunately, we have not been veiy successful in 
this endeavoi and, accoidmg to Di Knudsen, noise is m- 
cieasing at a late of one db pei veai It seems, theiefoie, 
that eai piotectois aie heie to stay foi a while, and they 
should be considei ed at an equal level with the othei tools of 
noise conti ol 

I could devote this time to showing you pictuies of vanous 
types of eai piotectois, but I doubt that in this way you 
would leam much moie than the fact that theie aie many 
types of eai piotectois I shall try lathei to synthesize oui 
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knowledge on the pioblem of peisonal eai piotection, discuss 
the basic lequnements, the possibilities, and the mam tiends 
in lecent design 

It is possible to classify the eai piotectois accoidmg to 
then position lelative to the eai We have foui kinds ear¬ 
plugs, semi-inserts, eai muffs, and the helmet Eai plugs aie 
secuied m the eai canal and usually do not lequne any ad¬ 
ditional means of support (see Fig 1) Semi-inserts aie 
placed at the entrance to the eai canal and aie usually sup¬ 
ported by a headband Eai muffs covei the outei eai like an 
eai phone mounted in its socket 01 cushion Helmets covei 
the whole head, or at least most of it 

I am going to omit the semi-inserts, because theie aie none 
on the maiket, and the helmets, because I feel that at piesent 
they do not offei any acoustical advantage 

Now, what is expected of eai piotectois 7 Fust, they should 
attenuate acoustic noise to a safe level, whatevei that level is 
Second, they should be comfoitable, 01 , let us be moie lealistic 
and say, they should not be too uncomfortable Thud, they 
should not have any toxic effect on the skm Theie aie 
furthei lequnements that aie moie 01 less compelling, de¬ 
pending on the situation They concern the intei feience with 
speech communication, the ease with which the eai piotectois 
can be handled, the sanitary aspect and the economic aspect 
Some of these lequnements aie m conflict with each othei, 
and only compiomise solutions appeal possible The best 
known incompatibility is between sound attenuation and 
comfort Anothei one is between attenuation and speech 
intelligibility, although this one is moie appaient than leal, 
but let us stait with the fust lequnement, i.e, sound at¬ 
tenuation 

How much sound sho-idd be attenuated 9 

This is certainly a pertinent question Unfortunately, I 
cannot answei it, at least, not at this time, because theie are 
piobably as many optimal attenuations as theie aie situations 
m which the use of ear piotectors appeals advisable and may¬ 
be even moie, maybe almost as many as there are people 
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Fis 1. Four Kinds of Ear Protectors. 


involved In other words, this is a policy question at present, 
and not a scientific question, and therefoie not for me to 
answer I can answer, howevei, a somewhat related question 
how much sound can be attenuated 7 This question is re¬ 
stricted, of couise, to ear piotectors that can be worn either 
in the eai canals 01 on the head By enclosing a man in a 
cell of conciete, higher sound attenuations than those I am 
going to speak of can be achieved 
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When an eaiplug is mseited into the eai canal, the sound 
can still leach the mnei eai on thiee pathways Because of 
the flexibility of the skin lining the external auditoiy meatus, 
sound waves can pioduce a vibiation of the eaiplug as a 
whole The vibiation is contioiled at low fiequencies by the 
stiffness and the viscosity of the skm and, at high fiequencies, 
by the meitia of the eaiplug The sound can also penetiate 
the eai thiough defoimation of the eaiplug—heie the stiff¬ 
ness, density and viscosity of the matenal become important 
Finally, sound can reach the mnei eai by tiavehng aiound 
the eaiplug, eithei via bone 01 via soft tissue 01 both I am 
going to lefei to this channel as body conduction 


Foi low fiequencies, the foices acting on an eaiplug seemed 
m the eai canal may be schematized as shown m Fig 2 The 
foice F symbolizes the external sound piessuie multiplied 
by the effective aiea of the earplug The foice F 0 is equal to 
the pioduce of the sound piessuie geneiated in the eai canal 
and of the ci osssectional area of the eai canal Finally, Fa 
denotes the lesultant opposing foice developed m the skm 
lining The law of the equihbuum of foices lequires that F 
be equal to the sum of F 0 and Fa It is easy to see that the 
sound attenuation glows with the latio between Fa and F c 
This latio is deteimined to a large extent by the piopeities 
of the skm lining and by the volume of the enclosed an, m 
addition to the acoustic impedance that can be measuied at 
the eai dium It is, theiefoie, an anatomical constant and 
cannot be alteied to any consideiable degree The only thing 
we can do m oidei to impiove the sound attenuation is to 
make the eaiplug itself impelvious to sound Vanous solu¬ 
tions aie possible, and I am going to discuss them a little latei 
when I show you some typical designs 


Let us now considei the factois detei mining the sound at¬ 
tenuation piovided by eaimuffs Although eai muffs loo 
considei ably diffeient fiom earplugs, then acoustic action 
is similai The vibiation of a good earmuff is conti oiled by 
the flexibility and the lesistance of the skm undei the cushion, 
and by the meitia of the eaimuff The sound attenuation 
depends mamly on thiee factois the mechanical pioperties 
of the skm, the mass of the eaimuff, and the depth of tie 
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F _ Fm + Fc . P ^ F s Fm 

Fc Fc ’ Pc Fc Fc 

Fig 2 Schematic drawing of an earplug in the ear canal and the 
relations among the acoustic forces acting on the earplug 


F = Sp 

ffc = Sq Pc 

P c /p = S/S c x Z c y/(Z M +Z c ) 
Z<:~ S^/v , V=S C D 

Z c~V D 

A=p/p c ~2 M D/S 

Fig 3 Schematic drawing of an eartnuff covering the ear and the 
relations among the acoustic forces acting on the earmuff 

earmuff The situation is descubed by the schematic di awing 
and the formulas of Fig 3, however, I do not want to go into 
algebra, and shall state only that, when a high attenuation 
is desned, the earmuff should be deep and cover as small an 
aiea of the head as possible Of couise, m practice theie aie 
limits m both respects A deep eaimuff becomes cumbeisome, 
and an earmuff that covers too small an aiea of the head may 
exert painful pressuie on the pinna and become uncomfortable 


f=f m +f c 

Fm = Zm u 
F c =Z c u 


F=u(Z m +Z c ) 

F c /F = Z c /(Z m +Z c ) 
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When an eaiplug is inserted into the eai canal, the sound 
can still leach the mnei eai on thiee pathways Because of 
the flexibility of the skin lining the external auditoiy meatus, 
sound waves can pioduce a vibiation of the eaiplug as a 
whole The vibiation is contioiled at low fiequencies by the 
stiffness and the viscosity of the skm and, at high fiequencies, 
by the inertia of the eaiplug The sound can also penetiate 
the eai thiough defoimation of the eaiplug—heie the stiff¬ 
ness, density and viscosity of the naatenal become important 
Finally, sound can leach the mnei eai by tiavehng aiound 
the earplug, either via bone 01 via soft tissue 01 both I am 
going to lefei to this channel as body conduction 


Foi low fiequencies, the foices acting on an eaiplug secuied 
m the eai canal may be schematized as shown m Fig 2 The 
foice F symbolizes the external sound piessuie multiplied 
by the effective aiea of the eaiplug The foice F 0 is equal to 
the pioduce of the sound pressuie geneiated in the eai canal 
and of the ciosssectional aiea of the eai canal Finally, Fu 
denotes the lesultant opposing force developed in the skm 
lining The law of the equilibiium of foices lequnes that F 
be equal to the sum of F c and F ]t It is easy to see that the 
sound attenuation glows with the latio between Fm and F c 
This latio is deteimined to a laige extent by the piopeities 
of the skin lining and by the volume of the enclosed ail, ui 
addition to the acoustic impedance that can be measuied at 
the ear dium It is, theiefoie, an anatomical constant and 
cannot be alteied to any consideiable degree The only thing 
we can do m oidei to impiove the sound attenuation is to 
make the eaiplug itself impelvious to sound Vanous solu¬ 
tions aie possible, and I am going to discuss them a little latei 
when I show you some typical designs 


Let us now considei the factois detei mining the sound at¬ 
tenuation piovided by eai muffs Although eai muffs look 
considei ably diffeient fiom earplugs, then acoustic action 
is similai The vibiation of a good earmuff is conti oiled by 
the flexibility and the lesistance of the skm undei the cushion, 
and by the inertia of the eai muff The sound attenuation 
depends mainly on thiee factois the mechanical pioperties 
of the skm, the mass of the eai muff, and the depth of the 
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foimed with, a vibiatoi, but it is not certain that the same 
thing happens in a fiee sound field The heavy contmuous 
curve shows the expected limit of attenuation foi simple 
eai plugs calculated along the lines pi eviously mentioned The 
othei curve shows the maximum attenuation that can be 
expected fiom a simple eai muff I am stiessmg the qualifica- 




Fig - 5 Four Ttpes of Earplugs, 


tion “simple,” because substantially gieatei sound attenua¬ 
tions can be obtained by applying certain acoustic tucks 

Regaidmg a few models of commeicial eai piotectois, 
Fig 5 shows forn eai plugs which, I think, are typical The 
eai plug m the uppei left comei is a eylindei of wax and 
cotton It can be shaped by hand to fit the eai canal Eai- 
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Even if the earplug and the eaimuff weie ideal m the 
sense that no sound would be transmitted thiough them, the 
sound could still reach the mnei eai by body conduction, as 
I mentioned befoie Body conduction constitutes the absolute 
limit of sound attenuation that can be expected fiom ear 
piotectois 

The body conduction thieshold in a fiee field has been 
measuied lecently, and I am going to leport on it in the 



Flff 4 Air conduction (lower curve) and body conduction ttareahol 
of audibility In a free sound field. The shaded area indicates th®, 
certainty due to the effect of the occlusion of the ear canal on o 
conduction 


coming meeting of the Acoustical Society in New Yoik Heie 
I can only show you some of the expeximental lesults 

The zeio level m Fig 4 lefeis to ail conduction threshold 
m a fiee sound field The lowest curve m the diagiam is the 
body conduction thieshold in a fiee field as measured lecently 
The shaded aiea indicates the uncertainty caused by the effect 
of the occlusion of the eai on bone conduction It is well 
known that the occlusion of the eai canal mipioves bone con¬ 
duction at low and medium fiequencies when tests aie pel- 
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Fisr 7 A Set of Typical Earmuffs. 


being inserted into the eai, and facilitates tlie insertion by 
stiffening the earplug along its longitudinal axLs In addi¬ 
tion, a back wall inci eases the sound attenuation at high fre¬ 
quencies In some of the models the front and the back wall 
aie perforated so that the earplug acts as a low-pass fdtei 
The advantages of such a decieased attenuation at low fre¬ 
quencies is still debated 
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plugs of this type aie veiy comfortable and attenuate noise 
pietty well They have the drawback, howevei, that they 
cannot be washed and, consequently, have to be thrown away 
aftei being used only once Their sticky surface has the 
tendency to accumulate dirt 

The earplug m the uppei light comei consists of lubbei 
01 plastic Because of its elasticity it adapts to the shape of 



Fie 6 An approximate attenuation characteristic of the four e f rI ’ t , n ? r 
shown In Fig- 6 (heavy line) The thin line shows the theoretical uPP 
attenuation limit for simple earplugs 


the eai canal while being inserted It attenuates noise very 
well, is washable and can be leused many times Theie is 
one difficulty m order to obtain a high attenuation, the 
matenal of the eai plug must be sufficiently stiff When the 
earplug is too stiff, howevei, it becomes uncomfoitable, so 
that only a compromise solution appeals possible 

The eai plug shown m the lowei light coiner of Fig 5 is 
basically similai to the eai plug discussed m the pieceding 
paiagiaph, but it has some additional features It contains 
an internal coie made of a stiffei matenal than the outei 
shell This coie touches the front wall while the earplug is 
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curve shows the theoietical uppei attenuation limit foi simple 
eai plugs 

Fig 7 shows a set of typical eai muffs The earmuffs aie 
designed very much along the lines mentioned above they 
aie deep, enclose a laige volume of an, covei a lathei small 
aiea of the head, and consist of a haid shell and a sealing 
cushion of foam lubbei The sound attenuation thus piovided 
can be seen in Fig 8 (heavy line), togethei with the theoietical 
limit (thm line) The foam lubbei cushion may be con¬ 
sidered a weak point m the design of the eaimuff Recently 
developed cushions with high internal viscosity oi with low 
volume compiessibility could furthei impiove the attenuation 
at low fiequencies 

I would like to conclude on an optimistic note by piedicting 
that within a few years we aie going to have eai piotectois 
which will attenuate sound up to the limit set by body con¬ 
duction I hope that such ear piotectois will be commeicially 
available 
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Walter A Rosenblith, 

Massachusetts Institute of Technology, 
Cambudge, Massachusetts 


This morning we have heaid a discussion of the general 
topic of noise-induced hearing loss Thus far the emphasis 
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The earplug in the lowei left cornel is piobably of the most 
recent design It combines some featuies of the wax-cotton 
earplugs with those of the permanent elastic eai plugs It 
consists of a malleable coi e covei ed by thm elastic walls The 
internal tube, which is open at one end, inci eases the adapta¬ 
bility to the eai canal Within certain limits the earplug is 
malleable like the wax-cotton eai plugs At the same tune 



Fifr 8 The attenuation characteristic of the earmuffs of Fi& ^ALfnffs 
line) and the theoretical upper attenuation limit for simple earm 
(thin line) 


it has sufficient resiliency to follow tempoial changes of the 
cross-sectional aiea of the ear canal It can be washed and 
reused 

All the eai plugs of Fig 5 piovide appioximately the same 
sound attenuation At least, the diffeiences among the eai- 
plugs, found m one laboiatory, are of the same oidei of 
magnitude as diffeiences m lesults obtained for the same 
eai plug m diffeient laboi atones It seems leasonable, there- 
foie, to pool the data obtained for the foui eai plugs The 
thick cuive of Fig 6 was obtained m this way The thin 
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the effects of noise upon exposed humans than Ave can pi edict 
the genetic effects of atomic radiation upon futuie geneia- 
tions Just because we can, undei the light conditions, make 
fanly leliable audiometiic measuiements of man’s heaiing 
does not mean that we can ignore the basically multivaiiate 
and statistical natuie of the aftei-effects of any exposuie, 
whethei this exposuie be to acoustic, elect!omagnetic, 01 
atomic ladiation Theie aie no convenient smgle numbeis 
that summaiize both the exposuie and its ovei-all effects, 
and this is, to me, what Di Hoople means when he wntes 
“the lelations of heaiing loss to noise exposuie aie multi¬ 
dimensional ” 

THE SEARCH FOR AN ECONOMICAL DESCRIPTION 
OF THESE RELATIONS 

It appeals, then, that we must pick and choose a set of 
vanables m oidei to descube noise exposure and its effects 
upon the heaiing of even quite well-defined exposed popula¬ 
tions Selection of the vanables is determined in part by our 
ability to measuie certain quantities moie accuiately and 
moie easily than otheis, in part by om value judgment of 
what aspects of human hearing aie most important, and 
finally, by oui desire to obtain simple lelations between 
reasonably economical descuptions of both exposures and 
aftei-effects If these lelations between quasi-engmeenng 
variables make sense m the light of what we know about 
possible mechanisms, so much the bettei 

It is m this context that the piogiess of lesearch on the 
aftei-effects of noise exposure and of cntenon guesseis must 
be evaluated We have come a long way since the penod m 
which noise exposure was characterized by an ovei-all level, 
read on one of the early sound-level meters, we aie, never¬ 
theless, fai from being able to give an adequate description 
of the acoustic environment m which a chop forgei spends 
his working life We have become keenly aware of the fact 
that exposuies to even quite steady-sounding noises need to 
be characterized by spectrum, duration, and by what might 
be called a statistical description of temporal fme-structure 

These considerations give us a glimpse at the complexities 
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has been upon the technical pioblems that still lemain to be 
solved The speakers who pieceded me stiessed foi oui 
benefit the difficulties that aie encounteied in the collection 
of data and the unceitamties of intei pietation that need to 
be lesolved By way of contiast (and not with any intention 
of being less honest) I shall tiy to emphasize, m lathei gen- 
eial terms, the knowledge that we have alieady gained Con¬ 
sensus is obviously needed befoie we aie leady to go about 
setting cuteiia 01 standaids lealistically Unless theie is 
significant agieement among the piesumably best mfoimed 
technical people we have no basis foi the social standaid of 
judgment that a ciitenon lepiesents In the United States 
alone, several cuteiia have been suggested within the past 
decade, and the same seems to have happened in othei coun- 
tues This plethoia of suggested cntena leflects to some 
extent the complexity of the task involved, whethei we at¬ 
tempt to set standaids foi maximum allowable concentiations 
of chemical poisons, foi exposiue to ladiation, 01 foi ex¬ 
posures to noise 

Recently ( 1956 ) the U S National Academy of Sciences 
published a senes of summaiy lepoits on “The Biological 
Effects of Atomic Radiation ” The distinguished committee 
on the Genetic Effects of Atomic Radiation tried to put be¬ 
foie the geneial leadei some of the complications that must 
be faced befoie decisions can be leached or recommendations 
foi the general welfaie made The scientist-citizen has to be 
willing to make lough estimates in aieas in which his knowl¬ 
edge is fai fiom ceitam He may then have to weigh the out¬ 
come of these technical consideiations, with then attendant 
uncertainties, against considerations of national secunty and 
international relations The lole of the scientific statesman 
is thus haidly one foi which giaduate 01 even postgraduate 
study piepaies 

THE RELATIONS OF HEARING LOSS TO NOISE EXPOSURE 
INVOLVE MANY VARIABLES 

Foitunately, the nsks that concern us m this confeience 
aie less seuous than those that lesult fiom exposuie to atomic 
ladiation, fuitheimoie, we can moie easily assess some of 
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to these questions 01 at least decisions legal ding* them would 
have to be forthcoming befoie standaids 01 ciitena could be 
stated In the yeais that have passed, informed scientific 
opinion has come to feel that as long as man's healing foi 
eveiyday speech, undei eveiyday conditions, lemains pio- 
tected, we aie successfully pi eventing noise-induced heaung 
losses fiom becoming a senous handicap We have said 
enough about the difficulties of specifymg noise exposuie 
The last two decades have seen much piogiess m the spectial 
analysis of noise, it is to be hoped that m the yeais ahead 
compaiable piogiess will be made m the analysis of noise 
exposuies Certain piomismg beginnings have already been 
made, and the necessary electioruc equipment and computa¬ 
tional facilities aie at least m pimciple available 

The Z 24 -X 2 report asked “What peicentage of the people 
exposed should a standaid be designed to piotect 9 ” This 
amounts to picking a cut-off peicentage m a statistically de- 
tei mined situation and is equivalent to saying that a given 
cntenon entails a lisk of a senous handicap in X pei cent 
of the exposed population The 1 epi esentative of a state 
government who testified befoie the Z 24 -X 2 committee le- 
mmded us gently that such a position was politically impos¬ 
sible m a demociacy, wheie one has to aim at piotectmg 
eveiybody Without entenng into an aigument on issues of 
social philosophy, let us point to the lole of piograms of heal¬ 
ing conservation and m particulai to monitonng audiometry 
It is by such piogiams that the highly susceptible individuals 
who aie woiking m noise-hazaidous aieas can be identified 
and tiansfened to locations wheie tlieie is less lisk to then 
healing Thus ciitena and pieventive medicine can combine 
to piotect piactically eveiyone 

Two Examples of Catena foi Noise Exposiue 

Fiom what piecedes it should be cleai that a particulai 
cntenon lepiesents a multifaceted compiomise it assumes 
a certain population and a certain level of acceptable lisk, it 
is, in geneial, accompanied by a certain hearing conservation 
piogiam, and it makes certain assumptions about future 
noise exposuies (most often it assumes that they will be 
moie 01 less identical with those that pievail today) By 
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of defining the effective exposuie stimulus Its specification 
depends, at least in pait, upon the kind of aftei-effect in 
which we aie going to be intei ested, hence, we need agiee- 
ment upon a valid and yet leliably measuiable estimate of 
man’s auditory capacities Given oui geneial concein with 
human communication, it seems leasonable to settle upon 
man’s ability to communicate by speech This is not the place 
to discuss our piesent ability to make such measuiements in 
a nonlaboiatoiy envnonment, 01 even the possibility of pie- 
dictmg, by puie-tone audiometiy, man’s ability to discnmm- 
at speech, but we should emphasize that pui e-tone audiometry 
will continue to have value fiom the viewpoint of pieventive 
medicine foi a long time to come 

Finally, we must face the pioblem of just how homogeneous 
oui populations aie with lespect to exposuie and to the variety 
of other vanables (such as military service, education, and 
so on) that aie at least partially con elated with the response 
vanables that we have chosen 

The socially necessary task of predicting the effects of 
exposuie upon whole populations beais little lesemblance to 
prediction m the classical stimulus-response paiadigm Theie 
the stimulus is something that happens “heie and now”, it 
can be assumed that the expenmenter has been able to un¬ 
couple his subjects sufficiently fiom then distant and lecent 
past and that post-expenmental events will have little in¬ 
fluence upon the subject’s response behavioi Even in clas¬ 
sical psychophysics these assumptions are not always justified, 
heie, they aie completely unrealistic Heie, noise exposuie 
sti etches over a man’s woikmg life-time and may well in¬ 
clude significant contributions to this exposuie fiom his 
military seivice, fiom his acoustic envnonment while he 
tiavels to his job 01 about this globe, and fiom his addiction 
to loud music—to name just a few of the possible hazaids 
These uncertainties m the specification of the exposuie make 
foi mcieased vanability, just as piesbycusis and quasi-social 
factois do 

WHOM SHOULD CRITERIA BE DESIGNED TO PROTECT 9 

In the section entitled “Conclusions” the Z24-X2 lepoit 
foimulated thiee questions The committee felt that answeis 
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basis foi a nomogiam that permits the computation of equiva¬ 
lent exposuie times 

Let us now pass fiom this example (in winch we deal with 
a lathei well-defined population, m which we aie pieoccupied 
piimaiily with “jet-type” noise, and m which the statement 
of ciitena is accompanied by a well-designed healing con- 
seivation piogiam) to a document that amis at less cleaily 
defined situations In its lecent “Guide foi Conservation of 
Healing m Noise” the Subcommittee on Noise m Industry 
states 

“At the piesent time oui knowledge of the lelations of noise- 
exposuie to heaung loss is much too limited foi us to piopose 
safe amounts of noise-exposuie We can, howevei, point to 
certain noise levels that indicate when it is advisable to in¬ 
itiate heaung conseivation piogiams These levels will not 
be geneial because a diffeient level is needed foi diffeient 
types of noise and diffeient schedules of exposuie The 
heaung conservation level that we now specify tentatively 
applies only to yeais of exposuie to bioadband steady noises 
with lelatively flat spectia It does not apply to short ex- 
posuzes, and, above all, it does not apply to impact noises 
01 nanow-band noises Tins tentative heaung conseivation 
level is stated as follows 

“If the sound eneigy of the noise is distributed moie 01 less 
evenly throughout the eight octave bands, and if a peison is 
to be exposed to this noise legulaily foi many horns a day, 
five days a week, foi many yeais, then if the noise level in 
eithei the 300-600 c p s band oi the 600-1200 c ps band is 
85 db the initiation of noise-exposuie contiol and tests of 
heal mg is advisable The moie the octave-band levels exceed 
85 db , the moie uigent is the need foi hearing conservation ” 

These two statements aie not unlike m philosophy and gen¬ 
eial appioach, and they do not diffei much m terms of the 
actual numbeis that aie involved, but it would be unwise to 
conclude that 85 db is “it,” and that theie is not loom foi 
diffeient compionuses, foi diffeient cuts of the cutenon-pie 
If youi situation peimits you to “fix” othei aspects of noise 
exposuie you may want to state youi ciitenon m minutes pei 
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making' all of these assumptions as explicit as we can, we 
cut the numbei of vanables to the point wheie cuteiia can 
be set meiely by specifying a few numbei s ’*• 

Now I should like to quote fiom two lecent documents to 
illustiate some of the points that have been touched upon 
m Octobei, 1956, theie appealed an An Foice Regulation 
entitled “Hazaidous Noise Exposuie” Its puipose was to 
establish a piogiam foi minimizing the undesnable effects 
of exposuie to noise on An Foice Peisonnel In the section 
of the Regulation that deals with methods of contioiling ex¬ 
posuie to hazaidous noise, “limits foi noise exposuie" aie 
stated m this mannei 


“a Limits foi lifetime exposuie The limits foi lifetime 
exposure to bioad band noise aie given m teims of the band 
piessuie level foi foui octave bands The foui octave bands 
aie 300-600 c p s , 600-1200 c p s , 1200-2400 c ps , and 2400- 
4800 c p s In setting limits, it is assumed that the eais aie 
unpiotected and exposed continuously duung noimal woik- 
houis ovei a penod of 25 yeais The risk of damage to 
heaung is slight when the piessuie level of a band does not 
exceed 85 db It mcieases as the band piessuie level m- 
ci eases, and is excessive at 95 db Eai piotection is lecom- 
mended foi continuous exposuie to a sound piessuie level 
above 85 db in any of the foui octave bands It is manda¬ 
tory foi exposuie above 95 db Eai piotection may consist of 
l educing the noise level m the eai canal, i educing exposuie 
time, oi both ” 

Theie follows a statement on daily short-teim exposuies 
m which the so-called equal eneigy assumption! selves as a 


*-Vs a matter of fact as long as the spectral and temporal c h ar !?, , 
noise stays In sufficiently narrow bounds two different exposu e 
equal duration could be compared on the basis of a single number on t 
This single number (which could be the over-all le%el) carries along 
It a whole host of hidden parameters 

fAccording to this concept equal quantities of acoustic energy trfVmted 
the ear canal are equally injurious regardless of how they are djst»‘» . 
in time assuming that the equivalent quantities of noise to 

or exceed the hearing- damage risk criteria. This Is not the h 

examine the evidence for this assumption or to discuss the ways in ■ 

It should be qualified At present it represents within certain limits 
simple and >et quite conser\at!ve guide-line It would furthermore 
Instructs e to compare and contrast the rationale for ^hls assumI 
with the rationales expressed in statements from the NAS-NKb a t 
reports according to which the total dose of radiation is u\ 

this statement being based on the fact that the genetic damage d 
radiation Is cumulate e and The concept of a safe rate or rna ^ 
simpl\ does not make sense if one is concerned with genetic uam s 
future generations 
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6 Principles for Evaluating Hearing Loss (a report of the Council on 
Physicial Medicine) JuIMJ l, 157 1408-1409, 1955 also Noise Control , 
Vol 2 1113, Jan , 1956 

7 Air Force Regulations 160 3 on Hazardous Noise Exposure Dept of 
the Air Force—Washington, Oct 29, 1956 

8 Guide for Conservation of Hearing in Noise (prepared by the Sub¬ 
committee on Noise in Industry of the Amer Acad, of Ophthalmology and 
Otolaryngology), pp 1-24 1957, also Noise Control , pp 23-31, May 1957 
also Ind Med and Surgery, Vol 26 185 192, 1957 

Prof Rosenblith We will now have the discussion If 
you have a discussion as to a specific participant m this 
morning’s progiam, dnect it to him, if not, I shall try to 
dnect it to the person most appiopnate 

Dr. Warren H Gardner, (Cleveland, Ohio) I have been 
intei ested m the statement about the 4000 frequency dip and 
the piobability that the dip can i elate to acoustic tiauma I 
am familial with the audiogiams of peihaps 200,000 to 
300,000 children, and I have found quite a large number of 
4000 frequency dips m childien fiom ten to 18 yeais of age 
I should like to laise the question In an adult of 35 yeais 
of age, who has been woiking in a noisy place, how can we 
tell whethei that 4000 fiequency is due to acoustic tiauma 
oi whethei he had that dip when he was 12 yeais old 

Prof Rosenblith Will someone volunteer to answei 7 

Dr Senturia I think Dr Hoople said something very 
wise about this pi ease pioblem m his papei 

Prof Rosenblith Would you like to lepeat them, oi ex- 
piess youi opinion 7 

Dr Senturia No, I would like to express the opinion of 
Di Gaidnei, that there aie many peisons under the age of 
21—those who have not been exposed to noise, and who show 
4000 cycle dips, and I, too, would like a furthei elaboiation 
of this pioblem I wish that Di Hoople weie here, but since 
he is not, I would ask someone else m the audience, peihaps 
Di Glong, to elaboiate 

Dr Glorig I happen to be one of those persons who do not 
believe that theie is a characteristic noise-mduced audiogiam 
It just so happens that when you look at audiogiams of pei¬ 
sons exposed to noise, the loss occurs fust at 4000 cycles, 
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day, 01 as a cncle of yellow paint aiound a paiticulai noise 
source, 01 even as a single numbei on the dial of a noise-level 
metei that weighs the frequency spectium m an appiopnate 
way 

In summaiy, I should like to emphasize that, at piesent, we 
base our ciitena on the concept of noise exposure in contia- 
distmction to the pieviously emphasized noise level We feel 
that cntena or standaids aie, in the natuie of things, a 
“package-deal” a given level of risk foi a population whose 
age-stiuctuie, health conditions, and “woikmg lifetime ex¬ 
pectancy” m a given noise envnonment aie moie 01 less 
known, is coupled to healing conseivation and noise contiol 
piogiams of specified scope This ensemble of somewhat 
unceitam conditions is then held against the Z24-X2 tiend 
cuives (or similai information), the facts of speech com¬ 
munication, and against the backdiop of a pi evading social 
philosophy This is the process that yields cntena Men of 
science often feel ambivalent about their lole m this piocess 
moie than their nonscientific fellow-citizens, they aie awaie 
of the incompleteness of the technical information available, 
they know that by combining cntena with conservation pio¬ 
giams we may piotect human hearing at the cost of studying 
the after-effects of noise exposure moie caiefully, yet, if 
those who have expert knowledge will not advise in policy¬ 
making, they will fail to make then conti lbution to the 
functioning of a democratic society 
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as just a guess, such as I ha\e heaid many times m court 
pioceduie, wheie the man was exposed to noise foi five 
minutes “Tins is capable of pioducing a healing loss, theie- 
foie, tins man’s healing loss is due to noise ” It is a great 
mistake to do this sort of tiling You get youiself backed 
up in a comei many tunes, and can be made a fool of by the 
attorneys m this lespect I don't think test of leciuitment 
will give you any final answei 

Prof Rosenblith Not being a medical person, may I say 
something about the way we have appioached this pioblem 
We have talked heie tins morning about proability tables of 
hearing loss for given noise exposures Just as m mortality 
tables, theie will be people who die eaily and people who die 
latei, so foi a given noise exposuie, theie will be a wide 
spiead, and in this particular thing, you cannot, m my opinion, 
piedict, unless you have a lot of extia knowledge Just as 
a healing conservation program is also part of a diagnosis, 
because, in order to make a diagnosis, you want to have the 
kind of infoimation that comes from controlling a man’s 
healing undei conditions of noise exposuie 
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u o not think that because theie is a dip theie, you can 
say 1 is noise-mduced I think the answei to youi question 
is, oes it exist pnoi to it, whethei you get an initial audio- 
giam and then have an audiogram to follow, which will 
indicate what was theie befoie the noise exposuie 

Prof Rosenblith The only time this morning that some- 
o y talked about acoustic tiauma was in connection with 
s oit exposures that give use to something that we feel is 
moie adequately descnbed as tiauma The slow, insidious, 
noise-mduced healing loss that we usually talk about, we 
would not like to confuse, at least m oui piesent state of 
ignoiance, with what is known as acoustic tiauma Now, 
this is a piefeience, this teimmology, but it helps us to keep 
oui very limited numbei of facts stiaight 

Dr Richard E Marcus, (Wmnetka, Ill) In discussing 
the question of diffeiential diagnosis, as laised in Di Hoople’s 
paper, and brought up again m the question of the 4096 dip, 

I wondei whethei we might not consider some of these hear¬ 
ing conseivation piograms and scieening suiveys In essence 
we aie finding the numbei of peisons who have a heaung 
loss Then, we must use them as a point of depaituie foi 
the individual heaung test, including the pui e-tone audi- 
ometiy, plus leciuitment tests, and whatevei othei test we 
may be able to devise, to make the diffeiential diagnosis The 
contoui of the audiogiam itself is not an indication of the 
diagnosis, but othei heaung tests may well give us the clues 
that we are looking foi 

Dr Glorig I believe, that if you aie going to make a 
diffeiential diagnosis, you must have moie than heaung 
tests You need physical examinations and histoiy, pai- 
ticulaily histoiy of occupation I find that one of the facts 
most lacking m the histones that aie taken in noise-induced 
cases is the histoiy of the occupation of the individual This, 
then, allows foi not having sufficient noise exposuie, oi no 
knowledge of what kind of noise exposuie The making of a 
diffeiential diagnosis is a difficult pioceduie and needs a 
gieat deal of expeneneed judgment on the part of the diag¬ 
nostician It could not be done at the flip of a fmgei and 
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heaimg side by side with the sense of seeing What we learn 
fiom the study of vision can sometimes claiify oui study of 
audition, and vice veisa 

The particulai pioblems I shall discuss 1 elate to the mannei 
m winch the eye and the eai lespond to the intensity of light 
and sound 


ELECTRICAL EFFECTS 

Both the eye and the eai aie what we call tiansduceis, they 
convert eneigy fiom one form into anothei Although then 
pi mcipal function is to convert light and sound into nervous 
eneigy, they aie also able to perform othei inteiestmg tians- 
foimations Both these sense oigans convert the eneigy of 
then lespective st imuli into electucal eneigy, as demonstrated 
by the “electio-ietinogiam” m the eye and the “aural micro- 
phonic” in the eai These electucal phenomena turn out to be 
fai moie complex than was fust supposed, but since we now 
know how to amplify and lecoid the minute electrical po¬ 
tentials generated m the sense oigans, we can use these 
potentials to study the action of the sensoiy tiansduceis In 
the expert hands of my colleague, Di Bekesy, these methods 
have levealed important facts about the “electio-anatomy” of 
the complicated stiuctuies in the rnnei eai 

Not only do the sense oigans turn light and sound into 
electiicity, but when we pass electnc cunents thiough these 
oigans a sensation lesults Volta discoveied this fact back 
m the yeai 1800, when he fust connected some of Ins newly 
invented electiic cells to metal lods inserted m his eais Some 
time latei, E H Webei did a similai expeiiment, using Ins 
biothei as the subject, but when he passed a currant thiough 
the head, his bi other saw a light This may have been the 
fust instance of the pioduction of what we now call a phos- 
phene Actually, these eaily experiments weie not very suc¬ 
cessful Fanly high D C voltages weie used, and the lesult 
was too painful to beai lepeatmg With smallei A C voltages 
it is qmte possible to make a peison heai a tone, 01 even a 
radio piogram I once filled my eai with salt watei and 
connected the output of a ladio set to an electrode immeised 
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healing, the basilar membiane moves thiough a minute ampli¬ 
tude winch is even less than the wave length of X-iays 

Calculations leveal that the minute displacements needed 
to excite a sensation of heaung in a good eai aie of the same 
01 dei of magnitude as those that aie pioduced by the theimal 
agitation of the molecules of the an itself To the eai with 
supenoi heaung, theiefoie, we may assume that any fuithei 
mciease in sensitivity would be of little use, unless one caied 
to listen to the banging of the molecules Like the eye, the eai 
can peiceive almost as small a stimulus as natuie can pioduce 

DYNAMIC RANGE 

Although, m evolving these tiansduceis with then supeib 
sensitivity, natuie has pushed the tluesholds down to wheie 
they are limited by the chaiactenstics of the stimulating 
medium, natuie has not foigotten that useful sense oigans 
must also lespond well to high intensities The dynamic 
lange of the intensities to which these oigans leact is gieatei 
than a tiilhon to one 

In 01 dei to measuie such extieme langes of eneigy, we 
commonly lesort to the use of loganthmic scales, of which 
the decibel scale is an example We aie all famihai with the 
use of decibels foi the measuiement of sound intensity, but 
it is intei estmg to note that the decibel is equally useful as a 
measuie of light intensity By choosing appiopnate lefeience 
levels, we have set up a common decibel scale foi both light 
and sound in such a way that intei estmg sinnlaiities between 
the two senses aie at once appaient 8 

The common decibel scale is shown m Fig 1 The lefeience 
oi zeio db levels aie 10' 10 Lambeit foi vision and 10- 10 micio- 
watt pei squaie centimetei foi audition Both of these lefei¬ 
ence levels aie neai the absolute thresholds of the two senses 

First, we note that the luminance of the sun, oui majoi 
souice of illumination, is about the same numbei of decibels 
above thieshold as is the intensity of a jet an plane with aftei- 
bumei, which is piobably the loudest sustained man-made 
noise yet pioduced Listening to the noise of such an an plane 
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j e , 1( ? U1 was a ^ e t° hear the piogiam, but it was 
i ? , 01 un til a D C voltage was simultaneously ap 

i 6 ° i G e ec ^ 10c ^ e 9 ^hen the speech and music became veiy 

c eai y fust thought was that this method of exciting 
e eai, which I have called the electiophomc effect, might 
piove an aid to the haid of healing, but we soon discoveied 
a an electucal stimulus becomes painful befoie it becomes 
ou enough to be useful When this sort of expenment is 
earned out on a normal ear, with an intact eaidium, the 
e ec nc cunent probably does not excite the mnei eai dnectly, 
but merely sets up audible vibrations m the skin 5 


In oidei to excite the cochlea dnectly, it is necessary to use 
a patient whose eai drum has been lemoved We once in¬ 
vestigated 20 eais that lacked tympanic membianes 6 When 
stimulated by a sinusoidal electric current, 11 of these eais 
heaid a puie tone, indicating that we may have been stimu¬ 
lating the cochlea dnectly Seven of the eais heaid only a 
noise We may mterpiet the healing of a noise as the sinus¬ 
oidal cuirent stimulating the auditory neive dnectly In 
these experiments we sometimes stimulated othei neives—the 
facial neive and the vestibulai neive—even though we were 
trying not to do so 


SENSITIVITY 

One of the most amazing things about oui sense oigans is 
then sensitivity The eye is such a sensitive device that the 
minimal energy that must reach the l etma m ordei for a man 
to see is a meie half dozen quanta If the eye weie much 
moze sensitive it would piobably do us little good, because 
light energy does not come in smallei than quantal packages 

The sensitivity of the ear is no less surpusmg The ear is 
the most elaborate mechanical system in the human body 
At those frequencies wheie this complex mechanism is most 
sensitive, a sensation of heaung is pioduced when the eaidium 
moves thiough an amplitude that is less than the diameter 
of a hydiogen atom Under these cncumstances, the motion 
of the basilai membiane is even less than that of the ear- 
dium—appi oximately 100 times less At the thzeshold of 
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THE MEASUREMENT OF SENSATION 

Although we use decibel scales to measure the intensity of 
the stimulus, we must lealize that the decibel is not a measure 
of the sensation pioduced By this I mean that a stimulus 
at 50 db* does not appeal to us to be half as gieat as a stimulus 
at 100 db It seems much less than half as gieat The law 
that governs the apparent giowth of sensation is not the 
loganthmic law that Fechnei pioposed more than a hundied 
yeais ago If FechneFs law weie collect, both bnghtness 
and loudness would be pioportional to decibels But when 
a peison is asked to compaie 50 db with 100 db he nearly 
always says that the 50 db stimulus looks, oi sounds, much 
less than half as strong Most people report that the 50 db 
stimulus appears to be only about one-fiftieth as gieat as the 
100 db stimulus 

Dunng the yeais we have performed many different ex¬ 
periments to try to determine moie piecisely the law i elating 
the magnitudes of the sensations of light and sound to then 
respective stimuli Although diffeient pioceduies give 
slightly diffeient lesults, certain geneial principles aie be¬ 
coming clear It is clear that we must replace FechneFs 
loganthmrc law by a qurte diffeient formula, foi the basic 
psychophysical law turns out to be a paioei function For 
example, when people aie asked to make dnect quantitative 
estimates of the subjective brightness of a w^hrte light, the 
magnitude of then estimates is loughly pioportional to the 
cube loot of the physical intensity, and to me a most lemaik- 
able fact is that approximately the same law appeals to hold 
when people aie asked to judge the subjective loudness of a 
“white noise ” 

In oidei to fix a unit foi the subjective scales which we use 
to measure bnghtness and loudness, we have chosen the 
stimulus level of 40 db (see Fig 1) Thus we define a bill, 
the unit of subjective brightness, as the bnghtness one ex- 
penences when looking at a luminance of 40 db , with the eye 
daik-adapted Similaily, the unit of subjective loudness, the 
sone, is the loudness of a 1000-cycle tone at 40 db (40 phons) 
On this scale, a loudness of 2 sones sounds twice as great as a 
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Fig 1 A decibel scale for light and sound showing the approximate 
lei dB °f luminance and of sound Intensity produced by various source* 
together with a feu important threshold levels The points Indicated by 
arrows are exact levels fixed by definition The other levels are approx! 
matlons only 


is haid on the eais, just as looking duectly at the sun is hard 
on the eyes Both aie fax above the level wheie discomfort 
begins, which is at about 110 to 120 db on both scales The 
comfoi table brightness fox seeing and the comfortable loud¬ 
ness for listening aie both neai the middle of these decibel 
scales, and when stimuli aie less than about 40 db we stiain 
to pexceive them 

These decibel scales demonstiate that the dynamic langes 
of vision and audition axe enoimous The sense oxgan pio- 
cesses that turn physical enexgy into nexvous enexgy aie such 
that the output of the sense oigan glows with the input over 
a lange of the oidei of 150 db In this lespect, oui sense 
oigans aie piobably supenoi to any man-made transducer yet 
devised 
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THE MEASUREMENT OF SENSATION 

Although we use decibel scales to measure the intensity of 
the stimulus, we must lealize that the decibel is not a measuie 
of the sensation pioduced By this I mean that a stimulus 
at 50 db does not appeal to us to be half as gieat as a stimulus 
at 100 db It seems much less than half as gieat The law 
that governs the appaient giowth of sensation is not the 
loganthmic law that Fechnei pioposed moie than a hundied 
yeais ago If Fechnei’s law weie collect, both bughtness 
and loudness would be pioportional to decibels But when 
a peison is asked to compaie 50 db with 100 db he neaily 
always says that the 50 db stimulus looks, oi sounds, much 
less than half as stiong Most people report that the 50 db 
stimulus appeals to be only about one-fiftieth as gieat as the 
100 db stimulus 

Duimg the yeais we have perfoimed many diffeient ex¬ 
pel iments to try to deteimme moie piecisely the law lelating 
the magnitudes of the sensations of light and sound to then 
lespeetive stimuli Although diffeient pioceduies give 
slightly diffeient lesults, ceitam geneial punciples aie be¬ 
coming cleai It is cleai that we must leplace Fe diner’s 
loganthmic law by a quite diffeient formula, foi the basic 
psychophysical law turns out to be a 'po-wei function Foi 
example, when people aie asked to make diiect quantitative 
estimates of the subjective bughtness of a white light, the 
magnitude of then estimates is loughly pioportional to the 
cube loot of the physical intensity, and to me a most lemaik- 
able fact is that appioximately the same law appeals to hold 
when people aie asked to judge the subjective loudness of a 
“white noise ” 

In ordei to fix a umt foi the subjective scales which we use 
to measuie bughtness and loudness, we have chosen the 
stimulus level of 40 db (see Fig 1) Thus we define a bill, 
the unit of subjective bughtness, as the brightness one ex¬ 
periences when looking at a luminance of 40 db , with the eye 
daik-adapted Similaily, the unit of subjective loudness, the 
sone, is the loudness of a 1000-cycle tone at 40 db (40 phons) 
On this scale, a loudness of 2 sones sounds twice as gieat as a 
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loudness of 1 sone, a loudness of 10 sones is ten times as loud, 
and so forth 

Foi a 1000-cycle tone, the standaid lefeience signal whose 
sound piessuie level we use as the yaidstick to measuie loud¬ 
ness level in phons, the mle is loughly the same From the 
pooled lesults obtained in seveial diffeient laboiatones we 
have detei mined that the loudness m sones S is i elated to 
loudness level m phons by the foimula 

log S = 0 03P -1 2 

This foimula tells us that m oidei to change loudness by a 
factoi of two we need to change the stimulus by 10 phons 9 

The appioximate similanty between loudness and bught- 
ness is shown m Fig 2 In both expenments we meiely asked 
obseiveis to assign numbeis to the vanous stimuli (piesented 
m megulai ordei), and to tiy to make the numbeis piopoi- 
tional to the appaient loudness or the appaient brightness 
The bughtness expenment was conducted by J C Stevens 
The fact that the data fall on stiaight lines in a log-log plot 
shows that both loudness and bughtness aie pioportional to 
the stimulus intensity laised to a powei 

What we learn fiom all this is that the loudness heaid by a 
noimal eai does not beai a simple one-to-one i elation to sound 
eneigy, nor to sound piessuie, noi to decibels What we 
peiceive is a sensation lesulting fiom the complex action of 
the eai and the nervous system, acting as tiansduceis m a 
mannei we do not yet fully undei stand 

RECRUITMENT 

Let us now discuss anothei similauty between vision and 
audition It concerns the pioblem of leciuitment, a subject 
of gieat inteiest to audiologists In its extreme foim, lecitut- 
ment is a sti iking phenomenon, because an eai that shows 
leciuitment may be haid-of-heaung foi faint tones and yet 
heai loud tones with the same loudness heaid by a noimal 
eai In othei woids, as the intensity is mei eased, loudness 
glows moie lapidly m some eais than in otheis 
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SQUARES DECIBELS RE IO~'° LAMBERT 


Fig 2 Median magnitude estimations for loudness and brightness For 
loudness each of 32 observers made two estimates of each level of a loco¬ 
es cle tone For brightness each of 2S dark-adapted observers made two 
estimates of each le\el of a white light The target subtended a little 
less than 5 degrees and was illuminated for about three sec. at each 
presentation. The two sets of data have been separated v entfcally bv an 
arbitrary amount. Hence the ordinate scale is relative only 
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Actually we can distinguish at least foui ways in which the 
late of growth of loudness with intensity can be alteied All 
foui of these aie sometimes lefened to as leciuitment They 
are as follows 

1 Reci'uitment as a function of fiequency The loudness 
of low-f 1 equency tones grows more rapidly than the loudness 
of high-fi equency tones Thus, when a tone of 50 cycles pei 
second is only 30 db above thieshold, it may sound as loud as 
a 1000-cycle tone that is about 50 db above threshold 

2 Reci'uitment undei mashing The piesence of a masking 
noise raises the thieshold foi a tone, but when the intensity 
of the tone is raised above the masked thieshold, the loudness 
of the tone glows lapidly When the intensity of the tone is 
raised sufficiently fai above the masked thieshold, the tone 
sounds as loud as it would sound if no masking noise weie 
piesent 

3 Reci'uitment undei fatigue oi adaptation Exposuie to a 
loud noise may tempoianly laise the thieshold of the eai by 
as much as 60 db oi moie In an ear suffeung fiom such a 
temporary heaung loss, loudness giows moie rapidly with 
intensity than m an eai that has not been fatigued by a loud 
sound 

U Recruitment m pathological eais Theie are diseases 
of the ear that can cause heai mg losses foi faint tones without 
gieatly lmpaning the loudness peiception of intense tones 
We know that this kind of lecruitment exists, but we still 
have much to learn about its causes 

What concerns us heie, howevei, is not so much the causes 
of leciuitment as the fact that analogous phenomena occur 
m vision This is an impoitant fact which we should keep 
m mind when we aie tempted to theorize about the mechan¬ 
isms undei lying leciuitment The phenomenon is by no means 
limited to the auditoiy sense 

Each of the foui classes of leciuitment which we have 
alieady discussed has its parallel in vision Let us considei 
each of them m turn 

1 As is tiue foi loudness, bughtness vanes with intensity 
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SOUND PRESSURE LEVEL IN OCTAVE BAND 
IN DECIBELS RE O 0002 MfCROBAR 

Pig- 3 The relation between loudness and sound pressure level for 
octave bands 


moie lapidly foi some wave lengths than for otheis Thus a 
led light appeals to glow bughtei at a faster late than does 
a gieen light when the intensity is laised above thieshold 

These basic facts aie shown in Figs 3 and 4 Fig 3 shows 
how the loudness of vanous octave bands of noise glow with 
sound piessuie level This chart was piepaied to facilitate 
the calculation of the total loudness of a noise on the basis 
of octave-band measuiements 10 The total loudness turns 
out to be the loudness m sones of the loudest octave band plus 
30 pei cent of the sum of the loudnesses in all the lemainmg 
bands 

The rapid giowth m the loudness of the low-fiequency 
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Actually we can distinguish at least foui ways m which the 
late of growth of loudness with intensity can be alteied All 
foui of these aie sometimes lefened to as xeciuitnient They 
aie as follows 

1 Recruitment as a function of frequency The loudness 
of low-fiequency tones glows moie lapidly than the loudness 
of high-f 1 equency tones Thus, when a tone of 50 cycles pei 
second is only 30 db above thieshold, it may sound as loud as 
a 1000-cycle tone that is about 50 db above thieshold 

2 Recruitment undei masking The piesence of a masking 
noise laises the thieshold foi a tone, but when the intensity 
of the tone is laised above the masked thieshold, the loudness 
of the tone glows lapidly When the intensity of the tone is 
laised sufficiently fai above the masked thieshold, the tone 
sounds as loud as it would sound if no masking noise weie 
piesent 

3 Reci mtment undei fatigue oi adaptation Exposuie to a 
loud noise may tempoianly laise the thieshold of the eai by 
as much as 60 db oi moie In an eai suffeung fiom such a 
tempoiaiy healing loss, loudness grows moie lapidly with 
intensity than m an eai that has not been fatigued by a loud 
sound 

4 Recimtment in pathological eais Theie aie diseases 
of the ear that can cause heaung losses foi faint tones without 
gieatly lmpainng the loudness peiception of intense tones 
We know that this kind of leci uitment exists, but we still 
have much to leam about its causes 

What concerns us heie, howevei, is not so much the causes 
of leci uitment as the fact that analogous phenomena occur 
m vision This is an impoitant fact which we should keep 
m mind when we aie tempted to theonze about the mechan¬ 
isms undei lying leci uitment The phenomenon is by no means 
limited to the auditoiy sense 

Each of the foui classes of leci uitment which we have 
alieady discussed has its paiallel m vision Let us considei 
each of them m turn 

1 As is tiue foi loudness, bughtness vanes with intensity 
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thieshold of a tone, but as the level of the tone is laised its 
loudness soon leaches the value it would have if the masking 
noise weie not piesent' In Fig 6 we see that a very similai 
effect takes place m the eye Blight glaie patches weie placed 
beside a stimulus taiget viewed with one eye, and the bnght- 
ness of the taiget was matched by a taiget in the othei eye, 



which was not subjected to glaie The unfilled points aie 
fiom an expeiiment by Diamond 3 The filled points show oui 
attempt to complete the curves by determining the thieshold 
shift undei the same stimulus conditions 

3 We have also found that m the eye that has been exposed 
to a stiong light bughtness glows moie lapidly with intensity 
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bands m Fig 3 has a lough paiallel in the lapid giowth of 
the luminance of led light (650 m/x) shown m Fig 4 Lumin¬ 
ance, when measuied m decibels, is analogous to oui concept of 
loudness level, and is piopoitional to the loganthm of the 
subjective bughtness The data in Fig 4 aie fiom estimates 
made by Weaver 11 



red 

2 Masking m heaung has its analogue in what is called 
glaie m vision In the pxesence of a source of glaie, the ab¬ 
solute thieshold of the eye is laised, but when the stimulus 
is made moie intense than the glaie the appaient brightness 
of the stimulus glows to the value it would have even though 
the glaie weie not piesent Thus masking leciuitment occuis 
in both vision and audition 

Recruitment cuives under masking and glaie are shown 
m Figs 5 and 6 As shown in Fig 5, masking raises the 
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show in Fig 7 was obtained by exposing one eai to a wide 
band of noise foi 32 minutes at a sound piessuie level of 130 
db 2 Loudness balances weie then made between the exposed 
and the noimal eai at five fiequencies between 1000 and 1700 
cps The points m Fig 7 lepiesent the aveiages foi the 
five fiequencies We see that, although the thieshold was 



Fig 7 An example of a temporary hearing loss produced by exposure 
to an Intense noise The exposed ear shows loudness recruitment 


laised by the noise exposuie, the loudness heaid by the ex¬ 
posed eai was essentially normal foi tones at an SPL of about 
110 db 

The effects of exposing the eye to bright light are shown 
m Fig 8 These data show that ovei the low luminance levels 
the light-adapted eye shows leciuitment, le, the curves aie 
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than it does m the eye that is daik-adapted Exposure to 
stiong light laises the absolute thieshold of the eye m much 
the same way that exposuie to intense sound laises the thresh¬ 
old of the eai There are many impoitant diffeiences heie, 
but m both cases the peiception of intense stimuli lemams 
moie neaily normal than the change m thieshold would lead 



us to expect In othei woids, bughtness leciuitment occurs 
in the light-adapted eye, just as loudness leciuitment occurs 
m the eai that has been tempoianly fatigued 

These relations are shown in Figs 7 and 8 Actually the 
effects of exposuie to intense sound aie quite vanable, and so 
aie the lesultmg leciuitment curves The particular curve 
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shown in Fig 7 was obtained by exposing one eai to a wide 
band of noise foi 32 minutes at a sound piessuie level of 130 
db - Loudness balances wei e then made between the exposed 
and the noimal eai at five frequencies between 1000 and 1700 
c p s The points in Fig 7 lepiesent the aveiages foi the 
five fiequencies We see that, although the thieshold was 



Fig 7 An example of a temporary hearing loss produced by exposure 
to an Intense noise The exposed ear shows loudness recruitment 


laised by the noise exposuie, the loudness heard by the ex¬ 
posed eai was essentially normal foi tones at an SPL of about 
110 db 

The effects of exposing the eye to bright light are shown 
m Fig 8 These data show that over the low luminance levels 
the light-adapted eye shows lecruitment, i e, the curves are 
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Fit 8 Showing how light adaptation leads to brightness recruitment 
at low to\ els of luminance 


steep at the low end On the othei hand, theie is an im- 
poitant diffei ence to be noted In the eye the leciuitment is 
not complete In othei woids, aftei oui eyes aie adapted to 
a blight light, all lights look dimmei than they would if we 
weie daik adapted, but the effect on lights neat thieshold is 
lelatively gieatei than the effect on the highei levels 

It should be mentioned that the positions of the cuives 
tlnough the points in Fig 8 weie deteimined in an experi¬ 
ment 1 involving bughtness balances between the two eyes, 
with one eye daik adapted and the othei light adapted The 
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points themselves weie obtained by J C Stevens, who asked 
gioups of 18 light-adapted observeis to estimate the appaient 
bughtness of vanous stimuli 

It Certain pathological conditions in the eye can also laise 
the absolute thieshold without causing a conespondmgly laige 
change m the appaient bughtness of intense lights I have 
lecently had the opportunity of examining a case of what is 
called congenital stationary night-blindness The patient was 
a young man who appaiently saw quite noimally undei high 
illumination (except foi a slight myopia) but who saw noth¬ 
ing when the luminance was below about 40 db He has a 
biothei and a sistei who have similai deficiencies So fai as 
I know, bughtness peiception m these cases has not been ex¬ 
plored as thoioughly as loudness peiception m eais that show 
auditory lecimtment, but the fact that visual reciuitment 
seems to exist m certain abnoimal eyes is inteiesting evidence 
of a furthei functional similarity between the eye and the ear 

In these lemaiks I have stiessed some of the functional 
similaiities between vision and audition It would be equally 
possible, of couise, to stiess the diffeiences between these 
two lemaikable sense oigans, for theie aie indeed important 
diffeiences Even wheie then behavioi is similai, the undei- 
lymg mechanisms may of couise be quite diffeient Not all 
the pioblems faced by audiology aie similai to the pioblems 
that aiise in the visual sciences, but theiq aie enough paiallels 
between the geneial laws of vision and those of healing to 
make it highly profitable foi us to study the eye in oidei to 
learn moie about the ear and vice veisa 

Let us considei one final mattei, concerning another type 
of loudness giowth—a phenomenon that could be legalded 
as a form of leciuitment, but one that seems to have no 
parallel in vision dependence of loudness on the band width 
of a sound From lecent studies of this phenomenon there 
emeiges the important concept of a critical band width 

Figs 9 and 10 show examples of data from a study by 
Zwicker, Flottorp and Stevens 12 In these experiments the 
listenei made a loudness balance between a companson sound 
and either a complex of foui puie tones (all at a constant 
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by other critical-band determinations 


level) 01 a band of noise In Fig 9 we see that, as the spac 
ing between the tones is mei eased, the loudness of the comp c>- 
lemams essentially constant until the ovei all spacing A 
leaches a cutical value Beyond that point the loudness 
as the spacing is mcieased In other woids, theie is a n 
of leciuitment The cutical value of A F depends on t 
frequency legion m which the tones lie 
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BANDWIDTH IN CPS - AF 

Pig- 10 Showing how loudness depends on the band width A P of a 
noise of constant sound pressure le\el The lines through the data haA e 
a break at the frequencies determined b> other critical-band determina¬ 
tions 


In Fig 10 we obseive a sunilai effect when we mciease the 
width of a band of noise whose ovei all sound piessuie level 
is held constant Beyond a cutical point the loudness m- 
ci eases with band width, but as long as the enei gy lies within 
a critical band all that seems to mattei foi the determination 
of loudness is the sound piessuie level of the noise In fitting 
the lmes to the data m Figs 9 and 10 we placed the bieak 
between the hoiizontal and the using segment at the points 
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Fig- 9 Showing- how loudness depends on the overall spacing AF o 
a four-tone complex The spacing- of the tones ■vvas uniform about t 
center frequency indicated on each curve Each point Is based on 1° 
ness balances b> 16 to 22 listeners The symbol T ’ means that the smsy 
comparison tone was adjusted C means that the complex was adjusteu 
The lines through the data have a break at the frequencies determined 
by other critical-band determinations 


level) oi a band of noise In Fig 9 we see that, as the spac¬ 
ing between the tones is mcieased, the loudness of the complex 
lemams essentially constant until the ovei all spacing A F 
leaches a cntical value Beyond that point the loudness glows 
as the spacing is mei eased In othei woids, theie is a kind 
of leciuitment The cntical value of AF depends on the 
fiequency legion m which the tones lie 
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AN ATTEMPTED SYNTHESIS OF PSYCHO-ACOUSTIC 
TEST DATA IN THE AUDIOLOGICAL CLINIC 

J Donald Harris, 

U S N Medical Reseat ch Laboiatory, 

New London, Conn 

Mote than a dozen sepaiate tests, based upon as many dif- 
feient principles, have been pioposed m lecent yeais to assist 
m distinguishing “conductive” and “peiceptive” deafness 
Many of these tests, even the classic Webei and Rmne exam¬ 
inations, do succeed well m making this fust distinction, and 
some, such as caieful BC audiometry, can often give a quite 
piecise idea of the lelative components in mixed deafness 

One notes that the terms “conductive” and “peiceptive,” 
in past decades thought useful and cleaicut, aie today eiodmg 
lapidly A vanety of causes and sites of “conductive” lesion 
lender that teim a catch-all with less piecision than now le- 
quned Mygind and otheis even speak of “conductive” lesions 
within the cochlea, heie the original division has bioken 
down completely On the othei side, it is now cleai that the 
categoiy of “peiceptive” deafness lias even less explicit 
meaning It is relatively useless to lump all disoideis of 
the auditory mechanism fiom peiilymph to ceiebium undei 
one compendium phiase, if one can be moie specific 

It is fan to say that one of the advances which has assisted 
otologists to be moie specific has been the introduction into 
the clinic of a gieat deal of psycho-acoustic thought by the 
otologists and by suppoitmg peisons Theie is implicit heie 
a whole new concept in otological diagnosis, namely, that 
since a particulai physical disoidei of pathology in certain 
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dictated by measui ements made in thiee othei types of ex¬ 
pel iments In othei woids, foui diffeient techniques have 
conveiged on the deteimmation of this cutical band width 

The cutical band width thus measui ed turns out to be 
about 2 5 times as laige as the cutical band width onginally 
pioposed by Fletchei, 4 which was based on a diffeient kind of 
experiment, nevertheless, in then dependence on frequency 
both Fletcher’s band and this new band follow much the same 
couise The width of the new cutical band is about 90 cps 
at the low fiequency end of the spectium Neai 1000 cps 
the widths is about 170 cps, and neai 10,000 cps it is about 
2400 cps 

Not only does this cutical band width emerge m diffeient 
kinds of expei iments, but it also seems to be closely i elated 
to othei important auditoiy functions Foi example, each 
critical band occupies about the same width on the basilai 
membiane Each band contains about the same numbei of 
just noticeable diffeiences in pitch, and each contains loughly 
the same numbei of mels (units of subjective pitch) We 
have leason to believe, theiefoie, that this cutical band width 
may come to hold an important place in auditory theoiy 
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Loudness-Inciements Sensitivity 

Sensitivity foi Loudness by Constants 

Pitch-Modulation Sensitivity 

Pitch-Memory Sensitivity 

Pei stimulatory Adaptation 

Post-Stimulatoiy Adaptation and Fatigue 

Tempoial Integiation 

Puie Tone Distoition Threshold 

Masking of Speech and Puie Tones 

Intelligibility of Speeded and Reveibeiant Speech 

That this list is by no means complete is indicated by the 
fact that each of these tests has a bibliogiapliy of fiom seveial 
to dozens of items In one lecent leview of leciuitment, foi 
example, ovei a dozen tests of leciuitment and/oi closely 
allied topics weie listed Foi anothei example, the field of 
loudness disci lnnnation is buigeonmg, and new tests not 
listed above aie appealing all the time 

A numbei of these tests have been woiked up foi entiiely 
non-climcal pui poses, and then piesent audiological lelevance 
has aiisen mainly by chance—witness the woik of Bekesy, 
Hood and otheis Some wiiters have cieated audiological 
tests on the basis of some good guess as to the natuie of the 
disoideis ajid the capacities of the defective eai—Luschei, 
Langenbeck, Huizmg, Hood again, Miskolczy-Fodoi, and oth¬ 
eis What happens is that someone suddenly has an idea 
that pitch disciimmation, leveiberant speech, 01 auditory 
masking, may assist m otological diagnosis, and a numbei of 
patients (it is the lule to use fai too few foi any solid lelia- 
bility) aie given the new test, with the lesult that the original 
autlioi is quite enthusiastic about its nosological meaning 

Following this, anothei laboiatory 01 clinic, changing ex¬ 
pel lmental conditions fieely, gives what is said to be the 
same test and finds conflicting 01 ambiguous lesults This 
exact sequence has happened with tests of lesidual auditory 
fatigue, with masking, with intensity discrimination, with 
temporal integration, and with pel stimulatory adaptation, to 
name seveial lecent examples At the piesent time, all 
woikers are convinced that the pimciple is sound, that such 
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patients can be shown to cause atypical behawoi on a certain 
psycho-acoustic test, that test may be useful in Uuomng 
on e diagnosis m anothei patient whose pui ely physical 
examination yields ambiguous concepts as to the locus 01 
etiology of the dysfunction 


i v i ° °^ ls ^ s h ave been impelled to seek foi such mfeiential 

ig m diagnosis of “peiceptive” disoideis because foi the 
mos part, these tissues m the auditoiy mechamsm aie, and 
must lemam, inaccessible to the otoscope, and even to the 
exp oiatoiy suigeiy of the tympanum, m which such giant 
s ii es aie cunently being taken, howevei this may be in 

e futuie, it now seems possible with psycho-acoustic as¬ 
sistance to go beyond the lathei coaise conductive-pei ceptive 
dichotomy and begin to bieak down the lattei category into 
at least thiee subdivisions, neuial, end-oigan, and cochleai 
(non-end-organ) The neuial categoiy can of course be 
bioken down furthei m some patients, and theie is even the 
hope that m the future an attack can be made on the very 
indefinite categoiy “cochleai (non-end-oigan) ” 

Having thus placed psycho-acoustic thinking m peispective 
as a pait of the armamentanum of the otologist, it lemams 
to considei what test oi tests could, oi even should, be avail¬ 
able in the complete clinic I should like to diaw youi at¬ 
tention to I a buef discussion of how some of the piesent 
psycho-acoustic tests have come to be suggested, 2 turn to 
one lational line of leasomng as to how a complete and 
mutually exclusive battery of such tests might be constiucted, 

8 how a “piofile” of test lesults may con elate highei with 
diagnosis than results fiom any one oi two tests 

It will be mstiuctive fust to list a few of the psycho¬ 
acoustic tests or cntena which have been pioposed foi the 
clinic 


AC-BC Audiogiam, Level and Shape 

AC-BC Diffeiential 

Thieshold Uncertainty Intel val 

Shape of Speech Intelligibility Function 

Loudness Balancing, and Shape of Recruitment Curve 

Loudness-Modulation Sensitivity 
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Loudness-Inciements Sensitivity 

Sensitivity foi Loudness by Constants 

Pitch-Modulation Sensitivity 

Pitch-Memory Sensitivity 

Pei stimulatory Adaptation 

Post-Stimulatory Adaptation and Fatigue 

Tempoial Integration 

Puie Tone Distortion Threshold 

Masking of Speech and Puie Tones 

Intelligibility of Speeded and Reveibeiant Speech 

That this list is by no means complete is indicated by the 
fact that each of these tests has a bibliogiaphy of from seveial 
to dozens of items In one lecent leview of leciuitment, foi 
example, ovei a dozen tests of leciuitment and/oi closely 
allied topics weie listed Foi anothei example, the field of 
loudness disci lmmation is buigeonmg, and new tests not 
listed above aie appealing all the time 

A numbei of these tests have been woiked up foi entirely 
non-clmical pui poses, and then piesent audiological lelevance 
has ansen mainly by chance—witness the woik of Bekesy, 
Hood and otheis Some wi iters have cieated audiological 
tests on the basis of some good guess as to the natuie of the 
disoideis ajid the capacities of the defective ear—Luschei, 
Langenbeck, Huizing, Hood again, Miskolezy-Fodoi, and oth¬ 
eis What happens is that someone suddenly has an idea 
that pitch disci lmmation, leveiberant speech, or auditory 
masking, may assist m otological diagnosis, and a numbei of 
patients (it is the lule to use fai too few foi any solid relia¬ 
bility) aie given the new test, with the lesult that the original 
authoi is quite enthusiastic about its nosological meaning 

Following this, anothei laboratory 01 clinic, changing ex¬ 
perimental conditions fieely, gives what is said to be the 
same test and finds conflicting oi ambiguous lesults This 
exact sequence has happened with tests of residual auditory 
fatigue, with masking, with intensity disci lmmation, with 
temporal integration, and with perstimulatory adaptation, to 
name seveial lecent examples At the piesent time, all 
workers aie convinced that the principle is sound, that such 



530 


INTERNATIONAL CONFERENCE ON AUDIOLOGY 


tests will ultimately piove valuable in diagnosis, but no gen- 
eial agieement is had on any specific test 

The difficulty with these multi-vaiious test possibilities is 
that they aie not mutually exclusive, oi m othei terms, they 
aie not factonally puie auditoiy tiaits A puie auditoiy 
tiait is assumed to have a dnect 1 elation to the way the eai 
tiansduces and tiansfoims the acoustic stimulus into cochleo- 
neuial events A particulai psycho-acoustic test, on the con- 
tiary, may be fai fiom puie, partaking of so many pi unary 
auditoiy abilities that its lesults become ambiguous This 
means that a patient’s atypically pooi peifoimance on tins 
test cannot thiow any light on the condition of specific tissues 
01 piocesses m the auditoiy mechanism 

As a lesult of studies at this laboratory* we now know, foi 
example, that pitch disci lmmation, long thought to be a pu- 
maiy auditoiy ability, is actually bioken down into two 
factois, pitch-memory and pitch-modulation A noimal eai 
may be veiy good on one of these tiaits but only aveiage on 
the othei A defective eai on the same head may show a 
diffeient pattern Foi anothei example, the detection of 
speech in noise is found not to be 1 elated to the detection of 
a sine wave, 01 bands of noise, 01 clicks, 01 Gaussian pulses, 
but is factonally complex with a laige specific component of 
its own with alliance to factois of pitch and tempoial pat- 
tei ns Foi a third example, we suspect speeded-up speech to 
be factonally fanly puie, by analogy, in the field of intelli¬ 
gence testing, to the piimary mental ability of veibal facility 

Only when a test is factonally puie can theie be a chance 
of its lepiesentmg fanly elementaly opeiations of the audi¬ 
toiy mechanism, so that if an eai perfoims badly on that test, 
the souice of tiouble m the auditoiy mechanism can be pin¬ 
pointed A factonally complex test will almost hopelessly 
becloud the clinical issues We have alieady seen this happen 
foi loudness disci lmmation, as I shall amplify latei 

I feel it is now possible to take a completely lational ap- 


*MHL Report No 57-4 
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pioach to the pioblem of audiological tests, using the tech¬ 
nique of factoi analysis as mentioned Oui woik using this 
appioach m pitch disci lmmation, loudness disci lmmation, 
contact detection, and speech leception has been summanzed * 
We can now suggest “tag tests” foi two pitch factois, thiee 
loudness factois, and two 01 moie distorted speech factois 

As a paiadigm, let us examine the mattei of psycho-acoustic 
tests foi susceptibility to acoustic tiauma Many mdustnal 
physicians and audiologists have pioposed a buef exposuie 
to model ate sounds, and a single thieshold-shift index assigned 
to each man, but these pioposed tests have used exposuies 
langmg fiom 0 4 sec to 10 mm fiequencies ovei a bioad 
lange including white noise and clicks, and a wide vanety of 
othei dissimilanties exists Should one give all these tests 9 
The technique of factoi analysis piovides a means to i educe 
them to the fewest numbei which will sample the whole field 
of tempoiaiy thieshold shift Laige groups of subjects would 
seive foi the following piogiam 

a Outlining the aiea with a dozen oi moie specific test 
ideas One would include among othei things tests of auial 
overload, latent damage, short-duiation adaptations, etc 

b Tape-i ecoi ding these pielimmary tests with appiopnate 
psycho-acoustic equipment and psycho-physical techniques 
acceptable by today's standaids 

c Trying them out foi leliability, and standaidizmg them 
on pilot gioups 

d Tape-i ecoi ding a final battery of tests and piesenting 
to at least 200 subjects with normal ears 

e Intel-coi relating and factoi analyzmg 

/ Intel pi etmg the data m teims of piimaiy auditory 
abilities 

The smallest numbei of tests which would explain variance 


*MMj Report No 67-4 
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among subjects would then be cast into a piedictive batteiy 
and admimsteied to men destined foi high noise aieas 

Such an appioach, with tapes widely distubuted in seveial 
countnes, would bung ordei into a confused field and bung 
final piedictive success much closei to reality 

Exactly the same soit of statistics-plus-psycho-acoustics is 
suggested foi the otological clinic, except that the final win¬ 
nowing of standardized puie tests in any area, such as loud¬ 
ness discrimination, would be furthei used to exploie the 
diagnostic significance of each of the several pnmary abilities 
within the bioad area of loudness disci immation 

It may be well to explain this last point heie Luschei and 
Zwislocki fust succeeded in using a measure of loudness 
disci immation as a clinical index of leciuitment, and sub¬ 
sequent data by Neuberger and others fiom that laboiatory 
have convinced us that, in geneial, the otological conditions 
associated with leciuitment aie also associated with impioved 
sensitivity foi amplitude-modulation On the other hand 
one lecalls Denes and Naunton’s conclusion, exactly opposite 
from Luscher’s, that neai thieshold the leciuitmg eai shows 
a relative impiovement in loudness sensitivity Note, how- 
evei, that Denes and Naunton used a “constants” method, 
with an interval of silence between two tones to be judged, 
it should now be clear why we feel that the techniques of 
loudness sensitivity by the “constants” method and the “ampli¬ 
tude-modulation” method both aie applicable to the defective 
eai, and can both be used to assist in diagnosis Batliei 
heavy ciiticisms of each method have been made by the othei 
school, on the basis that “amplitude-modulation” pioduced 
side-bands to blui the “quality” of the tone 01 that the “con¬ 
stants” method yields an mcongi uously pool sensitivity at 
highei intensities, but it seems that such ciiticisms aie beside 
the point, furtheimoie, it is not at all necessaiy to suivey 
the seveial inconclusive leports and the seveial appaiently 
conti adictory 1 eports, thi ow one’s hands up and simply await 
the appeal ance of fuithei inconclusive and inconsistent ie- 
poits 

The diffeience m lesults between the “constants” and the 
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“modulation” tests goes fai beyond the elementary notion 
that the exact value of a DL depends upon the techniques 
used to measuie it—heie we aie not dealing with the same 
auditoiy tiait In “amplitude-modulation” the ability is 
lendeied moie acute by whatevei otological conditions cause 
xeciuitment, and this impiovenient exists at about equal 
stiength ovei the whole lange of sensation level On the 
otliei hand, m “constants” the ability is lendeied moie acute 
but only in the ? egion of lapid recruitment A particulai type 
of pathology may affect one tiait m one way and the otliei 
m a quite diffeient way 

With this thought m mind we aie bettei able to assess the 
seveial leports which have appealed smce the ongmal vali¬ 
dating papeis These lepoits aie mutually mfoimative, not 
conti adictoiy 

I have said peihaps enough to point out how we expect to 
geneiate newel and moie meaningful (“puiei”) tests foi 
auditoiy tiaits with continued effort Paiticulaily, we feel 
that the aieas of speech, of tempoial patterning and lhytlims, 
of masking and contact detection, of auditoiy fatigue and 
adaptation, and the aiea of mtei-factor lelationslnps must be 
exploied 

I now dnect youi attention to the thud point, that m a 
paiticulaily difficult diagnostic situation one may look at not 
only the lesults of tests one by one, but also at the intei - 
lelations among the sets of lesults It is the pattern, 01 
pi of lie, that may well be the leally important clue Foi 
example, piesbycusis is often chaiactenzed by loweied BC, a 
certain slope of audiogiam, absence of leciuitment, distortion 
of tempoial mtegiation, and lack of lesistance to speeded 
speech If one looked at only one 01 two of these tests an 
uncertainty might exist, but the total pictuie becomes cleaiei 
when the test piofile is eonsideied Foi anothei example, we 
have published data showing that impioved loudness dis¬ 
ci immation need not be paid foi with a detenoiated pitch 
disciimmation, but that this is always tiue with acoustic 
tiauma 
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among subjects would then be cast into a piedictive batten 
and admmisteied to men destined foi high noise aieas 

Such an appioach, with tapes widely distubuted in several 
countues, would bung oidei into a confused field and bring 
final piedictive success much closei to leality 

Exactly the same soit of statistics-plus-psycho-acoustics is 
suggested foi the otological clinic, except that the final win¬ 
nowing of standaidized puie tests in any aiea, such as loud¬ 
ness discilmination, would be fuithei used to exploie the 
diagnostic significance of each of the seveial pnmary abilities 
within the bioad aiea of loudness discilmmation 

It may be well to explain this last point heie Luschei and 
Zwislocki fust succeeded in using a measuie of loudness 
disci lmmation as a clinical index of leciuitment, and sub¬ 
sequent data by Neubeiger and otheis fiom that laboratory 
have convinced us that, in geneial, the otological conditions 
associated with leciuitment aie also associated with impioved 
sensitivity foi amplitude-modulation On the othei hand 
one lecalls Denes and Naunton’s conclusion, exactly opposite 
fiom Luscher’s, that neai thieshold the leciuitmg eai shows 
a relative improvement in loudness sensitivity Note, how¬ 
ever, that Denes and Naunton used a “constants” method, 
with an interval of silence between two tones to be judged, 
it should now be cleai why we feel that the techniques of 
loudness sensitivity by the “constants” method and the “ampli¬ 
tude-modulation” method both aie applicable to the defective 
eai, and can both be used to assist in diagnosis Rathei 
heavy cnticisms of each method have been made by the othei 
school, on the basis that “amplitude-modulation” pioduced 
side-bands to blui the “quality” of the tone 01 that the con¬ 
stants” method yields an mcongi uously pool sensitivity at 
highei intensities, but it seems that such cnticisms aie beside 
the point, furtheimore, it is not at all necessary to suivey 
the seveial inconclusive lepoits and the seveial appaientiy 
conti adictory leports, thiow one's hands up and simply awai 
the appealance of fuithei inconclusive and inconsistent le¬ 
poits 

The difference in lesults between the “constants” and the 
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TRIPLET TESTING AND TRAINING—AN APPROACH 
TO BAND DISCRIMINATION AND ITS MONAURAL 
OR BINAURAL SUMMATION 

Henk C Huizing and M Taselaar, 

University of Gionmgen, 

The Netherlands 

Recently the principle of what may be called qualitative 
speech audiometry has excited the intei est of some investi¬ 
gators Kiuismga 1 studied the phenomena of phoneme con¬ 
fusion m cases of abrupt deafness, and he also investigated, 
m vanous types of healing impairment, the change m in¬ 
telligibility of the spoken voice as compaied to that foi the 
whispeied voice 

Gubenna 2 examined the lesidual articulative function of 
lmpaned eais m disciete octave bands by using adequately 
chosen logatoms as test matenal 

The gieat diffeience m change of the articulation curve foi 
spoken voice as compaied with that foi whispei in different 
types of healing impaiiment focused oui attention to the 
significance of the test matenal m a qualitative sense This 
gave us the idea of measuring band aiticulation, while re¬ 
taining intelligible speech as test matenal The gieat redun¬ 
dancy, which ehaiactenzes normal speech undei favoiable 
conditions makes it possible to use nanow band speech which 
is still intelligible 

By means of suitable filteis we aie able to nanow the 
band width moie and moie until we appioach the threshold 
of intelligibility foi the normal ear To covei the whole tone 
scale by subsequent fiequency bands, thiee diffeient samples 
of speech are necessary, i e a low, a medium and a lngh 
quality of speech. Fig 1 shows the width of each of the thiee 
fiequency bands equally weighted as to intelligibility foi the 
Dutch language The filtei characteristics aie given m Fig 2 

This split-up of the tone scale in three equivalent parts, 
with conserved intelligibility m each presents the possibility 
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We have a patient with advanced otoscleiosis who exhibits 
a bieakdown m “intensity-modulation” at weak levels, but 
whose loudness by “constants” lemams quite good We have 
a patient with a puie conductive loss by BC, pei stimulatory 
adaptation, and a half-dozen othei signs, but who exhibits 
sti aight-lme leciuitment, distuibance of tempoial mtegiation, 
and diminished intensity-modulation We have a patieut with 
a sudden unilateral loss above 500 c p s caused piobably by a 
vasculai spasm, with no AC-BC diffeiential, extieme dis¬ 
turbance of tempoial mtegiation but with delayed and slight 
sti aight-lme leciuitment We have seveial patients with 
quick and complete leciuitment, disturbance of tempoial 
mtegiation, no AC-BC diffeiential, and histoiy of acoustic 
tiauma, but some do and some do not show unusual perstimu- 
latory adaptation We have a patient with mixed deafness 
which would be considered puiely conductive except that 
extiemely distoited tempoial mtegiation leveals a nunoi 
cochleai lesion We have a patient with high tone cochleai 
deafness piobably familial, with quick stiaight-hne leciuit¬ 
ment which indicates that cochleai lesions m addition to 
acoustic tiauma and Memeie’s disease can distoit tempoial 
mtegiation 


It is no trouble to exploie the piotocols of patients in the 
liteiatiue fiom the piactices of Palva, Bocca, Fouimei, and 
also dozens of otologists in this countiy, who aie accustomed 
to giving seveial psycho-acoustic tests wheie indicated 01 
wheie possible, to find similai instances 


Such of oui data as seem internally self-contiadictoiy we 
legald as among oui potentially most powerful lesults They 
aie at least not due to scanty sampling, since we aie able to 
schedule both oui civilian and oui militaiy patients foi six to 
ten houis 01 moie if needed We legald as in the pioneei 
stage only, the concepts of factonally puie auditoiy abilities 
and tests foi them, and of the con elation between pathology 
in any tissue and a concomitant set of lesults on a multifactoi 
test battery Oui successes have been limited and have come 
slowly, but foitunately they have appealed at a iate jus 
sufficient not to extinguish oui conditioned dnve 
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bility is given by that part of the tone scale m which the 
thieshold loss is smallest Depending upon the shape of the 
threshold audiogram the ceiebial patterns of the patient 
may be low tuned, medium tuned 01 high tuned It appears 
that the shift in eneigy balance between the vanous frequency 
bands is closely 1 elated to the category of hsteneis to which 
the patient belongs 

U Tuplet speech audiometry piovides useful mfoimation 



Fig- 2 Filter characteristics used to realize a triple speech sample In 
equallj weighted frequency bands (low medium and high) 


legardmg the fitting of a heaung aid on an analytic basis 
The analysis may tell us whethei it is advisable to try to 
lestoie moie 01 less the noimal eneigy lelations along the 
whole tone scale, 01 that piefeiably we should confine oui- 
selves to a moie 01 less selective amplification of that pait of 
the tone scale m which the patient’s disci lmmation skill has 
been kept up 

5 In connection with band disci unmation analysis we 
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Of obtaining insight into a patient's partial disci imination 
a 11 ^ nee d only to deteimme his sentence intelligibility 
01 is spondee articulation scoie at his most comfortable level 

The application of this tiiplet audiometry on haid of heal¬ 
ing individuals leads to the following conclusions 

1 Tiiplet audiometry piovides moie information about the 



the^Dutch Tan^ua&e eqUenC:V bands eciuall r weighted aa to intelligibility for 


lesidual discrimination ability of a patient, especially as to 
its distribution along the tone scale 

2 Depending upon the type and the duiation of his healing 
impanment, a patient's disci imination ability may be based 
upon a noimal distribution of disci immative capacity along 
the whole tone scale, oi it may be that his xesidual disci lmina- 
tive powei is mainly concentiated m a lathei nauow band 
of fiequencies The lattei may be the case despite the fact 
that his thieshold audiogiam still coveis the whole tone 
scale 

3 In cases of long standing deafness with a non-umfoim 
thieshold loss m geneial, the mam contilbution to intelhgi- 




INTERNATIONAL CONFERENCE ON AUDIOLOGY 


539 


EFFECTS OF AMBIENT NOISE ON SPEAKER 
INTELLIGIBILITY OF WORDS 
AND PHRASES * 

John J Dreher, 
and 

John J O’Neill, 

The Ohio State Univeisity Reseal ch Foundation, 
Columbus, 0 


I INTRODUCTION 

Some yeais ago it was noticed that a speaker with normal 
heai mg would unconsciously iaise the level of his voice to 
compensate foi the level of noise m which he was speaking 
This phenomenon was mcoipoiated in the development of the 
“Lombaid,” 01 “voice-ieflex” test, which was used to detect 
malingenng m the testing of heaung It would be supposed 
that as the ambient level of noise foi a speakei became gieatei 
theie would be some changes m his intelligibility Hanley 
and Steel- found that untiamed speakeis, m the piesence of 
noise, tended to 1 educe then late of speaking, piolong syl¬ 
lables, and speak with gieatei intensity as the noise mcieased 
Subsequently, Pickett and Kryter 3 concluded that as a speakei 
inci eased his vocal intensity fiom normal level to a shout, 
his intelligibility deci eased at the highei levels It is noted 
heie, howevei, that then mci eases m vocal intensity weie 
accomplished by laismg the voice m quiet sunoundmgs, tech¬ 
nique that may lesult m speech with chaiactenstacs diffeient 
fiom those pioduced by a speakei actually fighting noise It 
was not umeasonable to suppose that speech pioduced m 
noisy sunoundmgs might actually mcoipoiate some compen¬ 
satory factois m it, and that within a certain limited lange 
it might be moie effective foi a listenei undei pooi leception 
conditions 


If it could be shown that some of these changes actually 


•This study was done under Contract No 
tional Applications Laboratory Bolling APB 
AFCRC TV 57 'd 2 \STIA Document No AD 
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dnect attention to two-channel amplification To the ciedit 
of some data m the hteiatuie, 3 and also on account of oui own 
lecent expenments, it may be expected that m certain cases 
of healing - impaiiment the intelligibility may be maikedly 
impioved when the amplified speech is given thiough two 
sepai ated selective bands in bmauial stimulation Foi this 
puipose the distubution of disci lmmation skill along the 
tone scale must be known foi each individual eai 

A double channel system involves a gieatei flexibility" in 
adjustment of the lelative amplification of each fiequency 
band, as well as to the choice of the band foi each sepai ate 
eai It says that a dual set of healing aids may give a bettei 
opportunity of conti oiling “powei” against “discilmmation" 
It is lathei this powei disci lmmation lelationship which is 
fiequently distuibed due to non-uniform heaung loss, and 
often is hard to lectify by a single cucuit 

If m the neai futuie we succeed m mtioducmg the bmauial 
aid, the tuplet band data of each eai sepai ately will give us 
useful mfoimation foi obtaining an optimum lmpiovement 

6 In young childien with letaided speech development the 
tuplet disci lmmation test lends itself puncipally to the detec¬ 
tion of high tone 01 medium tone deafness (sloping 01 basin 
shaped audiogiams) 

7 Finally this test may tell us whethei it is advisable to 
start an auditoiy tiammg piogiam in connection with the use 
of a hearing aid, and if so, what kind of piogiam should be 
piefeiable In this connection it should be emphasized that 
the tuplet system lends itself to selective tiammg m each of 
the thiee bands mentioned 
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speaker's voice was piovided by the headset, his momtoimg 
being done only by internal sidetone 

Stimulus matenals consisted of five sets of spondee woids 
and five an tiaffic conti ol sentences at each of five lecoid- 
mg levels fox each of 15 speakeis All woids and sentences 
weie diffeient foi each speakei at each level, that is, he 
nevei had the same mateiial to lead moie than once dining 
his entile lecoidmg stmt The purpose of this was to pi event 
any accommodation to the phiaseology itself Thus, each 
speakei lead, m all, 25 spondees and 25 sentences His initial 
lecoidmg was made by wealing a dead headset, and his lela- 
tively low lesultant voice level (65 db , C scale, one metei 
distant) seived as the base level foi the othei foui lecoidmg 
conditions He then lecoided, m oidei, stimulus matenals 
with 70, 80, 90, and 100 db of noise at the entrance to the 
eai canal To pi event accommodation to the masking level 
the noise was on m the headset only duung actual pioduction 
of the speech, the appeal ance of the noise seivmg as a cue 
foi the speakei to lecoid As soon as the test item was lead, 
the noise was turned off foi a given length of time to allow 
foi listeneis 7 wntten lesponse Thiee seconds weie allowed 
aftei each test spondee, eight seconds aftei each test sentence 
A push button operated by the expeiimentei conti oiled the 
noise in the speaker's headset 

The oidei of the test material was rotated in such a manner 
that listeneis foi each of the lecoided conditions heaid all 
test woids and sentences, since the final test tapes weie ai- 
langed to piesent 1 all speakeis 7 lecoidings m quiet, 2 all 
speakeis 7 lecoidmgs m 70 db of noise, and so on, five tapes 
in all 

Aftei this collation of matenals accoidmg to levels, all 
tapes weie le-iecoided thiough a General Electiic BA-5A 
limiting cncuit It is pointed out heie that peak clip limiting 
was not employed The operation of this particulai mstiu- 
ment is of bioadcast quality, set foi an attack of 100 rnicio- 
seconds and 0 6 second foi 90 pei cent lecovery The purpose 
of such limiting was two-fold fust, to lemove the effects 
of mcieased vocal intensity fiom the experimental situation, 
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act to mciease intelligibility, we might anticipate a device 
that would exploit this fact Foi instance, a certain amount 
of masking might be introduced into the speakei's eais by 
means of a pie-calibiated device attached to his headset The 
listenei, who would not be exposed to this noise, would, how- 
evei, heai the impioved output at his end of the link, and the 
importance of such a device would be obvious m an traffic 
conti ol and othei military voice communication applications 

Inasmuch as automatic volume control is an integral pait 
of modem transmission equipment, the accompanying m- 
ciease m vocal intensity noted in the “voice ieflex” leaction 
cannot piopeily be consideied as one of the factois legitimate 
to test Consequently, the loudness (intensity) changes in 
the voice weie compensated foi m the constiuction of the 
test, a lealistic stuctuie in view of the eventual application 
of voice thiough a limited system 

II EXPERIMENTAL DETAILS 

A General Plan — The Lombaid reaction, while a geneial 
one, vanes in magnitude as do othei voice measuies with in¬ 
dividuals, theiefore, the plan of the study was to get the 
leaction of seveial speakeis undei seveial levels of masking 
at the eai, companng intelligibility of the speech so pioduced 
against a constant background of masking noise with a latg 6 
numbei of listeneis To avoid attempts on the speakeis’ paits 
to conti ol then vocal level, none weie mfoimed of the voice 
ieflex phenomenon 

B Speakers and Stimidus Materials —Fifteen univeisity 
students, thiee male and twelve female, seived as speakeis 
All weie of geneial Amencan dialect and mexpenenced with 
voice lecoidmg methods 

Recoidings weie made with an Altec 21-C condensei nucio- 
phone positioned along the speakei’s cheek with the button 
behind the comei of the mouth, out of the bieath stieam 
Duimg lecoidmg each speaker woie a pan of PDR-8 head¬ 
phones These headphones fed the taped output of a Giason- 
Stadlei White Noise Geneiatoi (Model 455-B) fiom an EKo- 
tape lecoidei to the eais of the speakei No feedback of the 
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speakei, and the playback level measuied 70 db (C scale) at 
a point ten feet in fiont and on the axis of the loud-speakei 
Each listening session lasted 30 minutes, with each gioup of 
40 evaluating the speech pioduced undei one of the five mask¬ 
ing conditions 

E Analysis of Data —Intelligibility scoies were computed 
foi woids and sentences The lattei weie scoied by peicent- 
age of key woids conect, the formei on peicentage conectly 
identified Physical measuiements of intensity and duiation 
of the ongmal, noise-fiee speech signals weie made and 
tieated with analysis of vanance foi diffeiences Expen- 
mental data weie also anayed in giaphic form to show 
trends 


IU RESULTS AND DISCUSSION 

A Intelligibility —Fig 2 shows the intelligibility of both 
woids and sentences as heaid in a given constant S/N latio 
To deteimme the extent of possible scoie, one of the test tapes 
was piesented to a gioup of 40 listeneis without any noise 
masking A scoie of moie than 98 pei cent on both woids 
and sentences was achieved, indicating almost perfect le- 
ception undei excellent leception conditions Data foi listen¬ 
ing sessions with speech pioduced in quiet, 70, 80, and 100 db 
of speakei-masking appeal m Fig 2, scores for the 90 db 
lecoidmg level being unfortunately not available, due to an 
admmisti ative enoi in giving the tests The legulai be- 
havioi of the adjoining conditions would indicate, howevei, 
that similai lesults would have been obtained 

Of immediate intei est is the diffeience m intelligibility 
scoies between the quiet-pioduced and noise-pioduced speech 
It may be seen that the fust level of noise in the speaker’s 
eais (70 db ) lesulted m speech 35 pei cent moie intelligible 
m lespect to woids, 27 pei cent moie intelligible m respect to 
sentences Fiom that level on, no statistical changes in scores 
aie noted It is appaient, theiefoie, that throughout the 
range tested, no advantage was gained by the speakeis fiom 
the heaviei masking levels used during lecoidmg The cuives 
also indicate that duung the steady-scoie legion of 70 to 100 
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second, because such type of intensity 1 eduction is also em 
ployed m anciaft bioadcast cn cults The total lange of 
limiting involved m these tapes amounted to appioximately 
10 db 

Aftei le-iecordmg, an oveilay of wideband landom noise 
was recoided on the test tapes The noise oveilay was le- 
coided at a level of 4 db lowei than the peak values of the 
speech signals, both speech and noise being lead on the same 
VU meter As a check, the completed tapes, speech signals 
plus noise overlay, weie lun thiough a giaphic level lecoider, 



Fig* 1 Schematic Diagram of Stimulus Preparation 


Sound Appaiatus Co, Model HPL The lesultant tiacings 
venfied the speech peaks as being 4 db above the noise leve 
Fig 1 shows this setup schematically 

C Listeners —Listeners weie 204 AFROTC cadets at The 
Ohio State Univeisity They weie divided into five gioups 
of about 40 pei sons each 

D Test Administration —All listening gioups were in¬ 
structed m the same mannei on the mechanics of filling ou 
the test blanks Stimuli weie then admimsteied with an 
Ampex 600 tape lecoidei and an Ampex 620 speakei-amphfiei 
system to listeneis seated m an avei age-size classioom The 
neaiest listeneis weie appioximately six feet fiom the Iou 
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TABLE I 


LEVEL OP SPEECH OUTPUT UNDER CONDITIONS OF BROADBAND 
RANDOM NOISE MASKING AT THE SPEAKER'S EARS 


Condition 

Words (db ) 

Diff (db ) 

Sentences (db ) 

Diff (db ) 

Quiet - 

__65 0 


68 8 


70 db_ 


5 8 

719 

31 

80 db 

_ _ 71 9 

11 

72 8 


90 db 

_ 72 8 

09 

73 9 

1 1 

100 db _ 

__74 1 

13 

74 9 

1 0 



Q 70 60 90 100 

NOISE ENVIRONMENT (IN DB) FOR SPEAKER 


Fig 1 3 Increase In \ocal output with Increase of masking level at the 
speaker's ears. 


0 38 db /db Fxom his descuption of pioceduie it is possible 
that this highei figuie might leflect some measuiement of 
bieath blast caused by miciophone placement m his expen- 
ment The tiend of the tabled values is shown m Fig 3 An 
intei estmg point heie is that m all conditions the level foi 
spondee was less than foi sentences, both leadings being 
taken on maximum peaks of the utteiances 

2 Duiatwn Changes —The same lecoidmg tiaces measuied 
above foi intensity changes yielded the compaiative duiation 
measurements tabled below 

As in the case of intensity, mci eased masking level lesulted 
m a steady increase m duiation, with the gieatest diffeience 
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db the context offeied by the sentence settings lesulted m 
about 10 pei cent more intelligibility Fiom these lesults we 
would assume that a leal and sizeable mciease m the mtelligi 
bility of speech is lealized by introducing some degiee of 
noise into a speaker’s eais It may be possible that the same 
amount of mciease might be effected with less masking noise, 
and it is also possible that masking levels highei than 100 db 
might pioduce diffeient lesults 



Fig- 2 Intelligibility of words and sentences spoken in \arlous le\ el* o f 

noise and heard at a constant S/N ratio of zero db 


B Physical Measui es—1 Intensity Changes —Although in¬ 
tensity of the voice did not conti lbute to the intelligibility 
lesults, the ongmal lecordmgs could be measuied to estima e 
the effect of speaker-masking on his pioduction levels The 
initial stimulus tapes weie measui ed on the giaphic leve 
lecoidei to deteimme both duiation and intensity Resu 
le 0002 dyne/cm 2 aie shown m Table I 

The laigest intensity mciease comes, both foi woids and 
sentences, when the fust level of masking is employed Afte 1 
that, succeeding meiements of 10 db masking pioduced an 
aveiage vocal mciease of appioximately 1 db This estima e 
of 0 1 db /db diffeis fiom a pievious estimate by Koin 3 o 
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TABLE I 


LEVEL OF SPEECH OUTPUT UNDER CONDITIONS OF BROADBAND 
RANDOM NOISE MASKING AT THE SPEAKER’S EARS 


Condition 

Words (db ) 

Diff (db ) 

Sentences (db ) 

Diff (db ) 

Quiet 

_ fin 0 


68 S 


70 db 

„ 70 S 

5 S 

71 9 

3 1 

80 db _ 

_71 9 

1 1 

72 S 

09 

90 db_ 

_ „ „72 8 

0 9 

73 9 

11 

100 db _ 


13 

74 9 

10 



Q 70 80 90 100 


NOISE ENVIRONMENT (IN DB) FOR SPEAKER 

Fig- 3 Increase in vocal output u Ith increase of masking le\el at the 
speaker s ears. 


0 38 db /db Fiom lus descnption of pioceduie it is possible 
that this highei figuie might leflect some measuiement of 
bieath blast caused by mieiophone placement m his expen- 
ment The tiend of the tabled values is shown m Fig 3 An 
intei estmg pomt heie is that m all conditions the level foi 
spondee was less than foi sentences, both leadings being 
taken on maximum peaks of the utteiances 

2 Diu ation Changes —The same lecoidmg tiaces measuied 
above foi intensity changes yielded the compaiative dui ation 
measuiements tabled below 

As m the case of intensity, mci eased masking level lesulted 
m a steady mciease m dui ation, with the gieatest diffeience 




546 


INTERNATIONAL CONFERENCE ON AUDIOLOGY 


TABLE II 


DURATION (IN CENTISECONDS) OP WORDS AND PHRASES 
PRODUCED UNDER CONDITIONS OP BROADBAND 
RANDOM NOISE MASKING 


Conditions 

Words 

Diff 

Sentences 

Diff 

Quiet_ 

— ~ __67 0 


170 0 


70 db 

-- 77 0 

10 0 

197 0 

270 

80 db __ 

- -_84 0 

7 0 

202 0 

30 

90 db 

~ _ 86 0 

2 0 

210 0 

80 

100 db _ 

-88 0 

2 0 

213 0 

30 


>o 

Q 

! 

& 

!o 


210 


/90 


no 


\ * 


* 

* 

cc 




q 70 eo 9 o too 

fVO/SE SMV/RONMENT (/// DB) BOR SPEAKER 


Fig 4 Increase In duration of words and sentences with increase 
masking in speaker s ears 


of 


coming with the first onset of the masking noise Duiation 
functions foi the two types of test mateiial aie shown m 
Fig 4 

Since the intensity factoi had been conti oiled, it cannot be 
held accountable foi the obseived mciease m intelligibility 
scoie associated with noise-pioduced speech, and in view o 
the fact that duiation changes fiom one condition to the ne\ 
weie so small as to be statistically insignificant, we shou 
most logically look to othei dimensions of the voice foi tie 
leasons The answei may he in the aiea of less well define 
measuies, such as quality and stiess, oi in the lelationships 
between the sequences of the phonemes making up the speec i 
signal Suffice it to say, howevei, that the magnitude o 
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intelligibility change between the fust and second expen- 
mental conditions might make it well worthwhile to attempt 
furthei exploiation and application of it The notion of a 
device foi military communication would seem to be feasible 
foi immediate development aftei additional tests on the 
lange of speakei masking between quiet and 70 db to discovei 
minimum masking level Furthei studies should also be 
made on the extent of speakei accommodation to the masking 
influence The stable and statistically nonsignificant in¬ 
telligibility scoies obtaining m test materials produced undei 
noise conditions of this study may also offer a tool to the 
audiologist who employs live voice piesentation of tests 

IV CONCLUSIONS 

Fiom the evidence piesented above it is concluded that 

1 Theie is a measuiable and important mciease in the in¬ 
telligibility of both woids and sentences pioduced by speakei s 
opeiatmg with a bioadband landom noise mask m then 
headsets 

2 The intelligibility values of speech pioduced undei 70 
db of masking weie statistically eqmvalent to those pioduced 
undei 80 and 100 db of masking 

3 Plots of both mean duiation of speech elements and vocal 
output show a legulai mciease with increase m speakei 
masking 

4 The lange of masking between “Quiet,” (estimated by 
cuivilineai extrapolation to be appioximately 54 db ) and 70 
db of masking needs furthei exploiation to determine addi¬ 
tional points on both the intelligibility and vocal output curves, 
and it is suggested that hve voice tests foi hearing evaluation 
considei the use of sufficient speakei masking to effect the 
vocal stability observed m this study 

5 It is lecommended that the obseivation of mci eased 
intelligibility be put to opeiational test m an craft cncuits 

6 It is lecommended that the afoiementioned opeiational 
test, if successful, should lesult m the engmeeung of a device 
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foi emeigency use in an-giound communications foi speakers 
m relatively quiet speaking envnonments 
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A COMPARISON OF PICTURE RESPONSE AND HAND 
RAISING TECHNIQUES FOR PURE TONE 
AUDIOMETRY WITH YOUNG 
CHILDREN 

Bruce M Siegenthaler, 
and 

Harriet Kaplan, 

The Pennsylvania State Univeisity, 

Univeisity Paik, Pa 

In oidei to teach the child with a healing loss to utilize 
his heaung to his best advantage, an eaily educational pm* 
giam is necessaiy This lequiies eaily detection of 1 educe 
acuity, and it becomes desnable that heaung testing teei- 
mques be developed foi use with the young child 

Among the methods m cunent use foi testing young clnl- 
dien aie noise makeis, speech leception, subjective puie tone 
audiometry, and PGSR Puie tone audiometiies aie piefei 
able to measui ement with noise making appai atus and speec 1 
foi at least part of the testing piotocol, because the audiome ei 
gives mfoimation about acuity at specific fiequencies, an 
intensity levels aie calibiated In some quaiteis the PG 
test foi childien is not consideied desnable (Although puie 
tones aie used, validity and leliabihty of testing aie questione 
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because of subjectivity m mteipreting results and difficulties 
m conditioning In addition, PGSR sometimes is consideied 
to be unpleasant foi the child and detiimental foi follow-up 
testmg and tiaming) Foi these leasons subjective puie 
tone audiometry continues to be the method most geneially 
piefened foi testing the heaung acuity of childien, how- 
evei, many childien will not lespond to puie tone audiometry 
when the standaid lesponse is used {i e, when the child is 
expected to laise his hand when he heais the tone) The test 
pioceduie must be alteied so that suitable responses can be 
obtained Pure tone test pioceduies foi childien should satisfy 
at least the following ciitena 12 

1 Simple association between puie tone stimulus and re¬ 
sponse 

2 Motivate the child 

3 Take into account child’s short attention span 

U Requne only a gioss motor lesponse 

5 Not lequne a veibal lesponse 

6 Aid the examiner to gam lapport 

7 Produce valid and leliable lesults 

8 Piefeiably lequne only one examiner 

9 Allow monauial measurements 

10 Be economical 

11 Require only simple manipulation of appaiatus 

Although the standaid puie tone audiometry method satis¬ 
fies some of these cnteiia, m several important aspects it 
may be impioved upon 

Attempts to devise puie tone audiometiic pioceduies foi 
children have centeied mostly aiound techniques for motivat¬ 
ing the childien to listen attentively and to lespond appro¬ 
priately To accomplish these goals a numbei of vaneties of 
the peep-show technique have been devised 3 4 5 In all cases, 
the basic situation is that the child is lewaided foi making a 
coirect response when the tone is on, and he is not rewaided 
if he lesponds when the tone is not on Other techniques foi 
puie tone testmg with childien have been to associate objects 
with the audiometiic tones, and to cairy on pi e-testing train¬ 
ing piogiams to associate sound with a lesponse 6 " s9 
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Although the liteiatuie on methods foi testing the healing 
of young childien is giowing, little has been done to compaie 
the lesults of acuity measurements made using vanous sub 
jective techniques It was the puipose of this study to com- 
paie the standaid technique (hand laismg) with a pictuie 
lesponse technique (modified peep-show) foi puie tone heal¬ 
ing testing of pie-school childien The two lesponse tech¬ 
niques weie compaied with lespect to eight cuteiia, piesumed 
to be important foi evaluatmg a heaung test, mentioned 
below 


PROCEDURE 


Thirty-nine noimal heaung childien weie used foi the 
study They weie pupils at the nuiseiy school of The Penn¬ 
sylvania State Univeisity, and all weie childien of faculty 
members of the univeisity, 01 of business men of the town 
Then chionological ages langed fiom thiee yeais tluee 
months to five yeais two months Then mental ages, accoid- 
mg to a Stanfoid-Bmet test, langed fiom thiee years five 
months to six yeais nine months The aveiage I Q of the 
childien was 121 Theie weie 19 males and 20 females 
(Although as a gioup the childien weie of supenoi mental 
ability, this factoi would not be expected to be cntical to 
inteipietation of the expenmental lesults Each child acted 
as Ins own control when compaung the two test methods ) 


A modified peep-show appaiatus was used foi pait of the 
experimental testing Switching cncults weie airanged, so 
that if a child heaid a tone m his earphone (monauial) an 
piessed the top of a box on the table in fiont of him, the 
lights in the loom went off and he saw an attiactive colore 
pictuie of an animal piojected on a scieen If he piessed the 
box top when theie was no tone, theie was no such ie'vai 
A standaid puie-tone audiometei was used The anima 
pictuies weie on 2x2 inch slides, and piojected by a sen ^” 
automatic slide piojector If the child became dismteiest 
in a pictuie the examiner piessed a button attached to tie 
piojectoi, and a new pictuie became available Testing was 
done m a quiet loom neai the nuiseiy school The same room 
and audiometei were used for the standaid procedure, bu 
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the child was expected to laise his hand when he heaid the 
tone Childien weie alternated duiing the testing piogiani, 
so that half of them had then left eais tested fust and half 
had then light eais tested first, half weie tested with the 
pictuie lesponse technique fnst and half weie tested by the 
standaid hand laismg technique fnst It was attempted to 
give each child both tests in both eais foi fiequencies 1000, 
2000, and 500 cps , m the oidei mentioned Appioximately 
two weeks aftei the initial testmg each child was given the 
complete batteiy test again 

The two test pioceduies weie compaied on the basis of the 
following eight ciitena 

1 Thiee fiequency aveiage thieshold 

2 Test leliability 

3 Time lequned to orientate child to the test 

U Ease of orientation 

5 Numbei of false lesponses 

6 Thiee fiequency thieshold test time 

7 Pei cent of thiee fiequency tests completed 

8 Child’s piefeience 

Not all childien could be given the complete batteiy test 
Some coopeiated duung one of the tests but lefused the othei, 
oi occasionally only a partial test could be obtained on an 
eai, theiefoie, in the following analyses the numbei of cases 
consideied does not always leach 39, and often the numbei 
is diffeient foi the vanous consideiations 

RESULTS 

Thiee fiequency aveiage thieshold —The aveiage thieshold 
foi the thiee fiequencies on a single eai of a child was com¬ 
puted and used as the thieshold value Table I shows the 
means of these thieshold values foi the two test methods foi 
left eais, and foi light eais on the initial test, and on the 
letest The mean thiesholds weie compaied, using the t 
test foi ielated samples Only childien on whom complete 
tests could be obtained weie included It can be seen that 
m all compaiisons the pictuie lesponse technique gave moie 
acute mean thiesholds than did the standaid lesponse method 
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Only foi the light eai on the letest did the diffeience between 
means fail to leach the 10 level of statistical significance 
It also will be noticed that the letest thiesholds aie moie 
acute than the initial test thiesholds Pictuie lesponse tluesh 
olds averaged about 3 db moie acute than than lesponse 
thiesholds on the initial test 

Test Reliability —To measuie test leliability the test-ietest 
thieshold value 0, 0-5, and moie than 5 db fiom the initial 


TABLE i 

MEAN DB THRESHOLDS AND t TESTS 




Picture 

Standard 

N 

t 


_ V 

AD 

test - 

- 9 0 

12 1 

19 

2 79 


02 

AS 

test 

- 86 

113 

20 

1 98 

114 

10 

AD 

retest 

68 

74 

20 

38 

141 

70 

A S 

retest 

— -56 

88 

20 

194 


10 


TABLE II 


PER CENT OF EARS SHOWING DB VARIATIONS IN THRESHOLD 
BETWEEN TEST AND RETEST __ 


c p a 



PICTURE 

N 

0 db 

0-5 db 

<5 db 

600 



52 

35 

79 

21 

1000 



53 

26 

77 

23 

19 

21 

2000 



53 

43 

81 

Mean 

% 

- 

— 

35 

79 

c p S 



STANDARD 

N 

0 db 

0 5 db 

<5 db 

600 



36 

33 

69 

31 

22 

25 

26 

1000 



36 

50 

78 

2000 



36 

33 

75 

Mean 

% ” 


— 

39 

74 


peicentages of all eais (both left and light) deviating m 
thieshold value 0, 0-5, and moie than 5 db fiom the initial 
test on the letest weie computed foi each fiequency, and aie 
shown in Table II Appioximately one-thnd of the eais had 
0 db deviation foi each method, and appi oximately tlnee- 
fourths of the eais had deviations of 5 db oi less fiom tes 
on letest foi each method Despite the obseived pei cen 
diffeiences between methods for individual frequencies, the 
diffeiences appeal to balance out, and m geneial both methods 
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appeal to have similai leliabihties (Although it is not shown 
in Table II, inspection of the original data indicated that m 
most cases the letest thiesholds weie moie acute than the 
initial test thiesholds This tiend was seen m Table I ) 

Orientation Time —When a child enteied the testing room 
he was made to feel comfortable and induced to sit at the 
table holding his switching box Aftei the testei demon¬ 
strated wearing the earphones it was possible to put the 
phone on the child, usually without difficulty The timing of 
the onentation began when the eaiphones weie on the child, 
and ended when the child gave three collect lesponses to the 
piesence of a 1000 c p s tone piesented at 50 db heaung loss 
Veibal instructions and demonstrations weie used to teach 
the child the test The mean tmie lequued to onentate the 
children who weie given the standaid lespouse test fust was 
compaied with the mean time lequued to onentate the chil- 
dien who were given the pictuie lesponse test fust (It will 
be lecalled that m the subject gioup half weie piesented the 
pictuie lesponse test fust, and half weie piesented the stand- 
aid lesponse test fust) The numbeis of cluldien m the 
two gioups foi this compaiison weie not the same because 
some childien could not be onentated to one oi the otliei tests 
Foi the 18 childien oiientated to the pictuie lesponse test 
fust, the mean time lequued foi onentation was 87 seconds, 
the 15 childien who could be given the standaid lesponse test 
fust had a mean onentation time of 155 seconds A t test 
computed between these two means gave a value of 1 80, sig¬ 
nificant between the 05 and 10 levels 

Ease of Orientation —A judgment was made by the exam- 
mei as to the ease of onentating each child to the fust test 
he was given The basis foi this judgment was partly on 
the amount of time it took to orientate the child, but laigely 
on the degiee to which his inteiest could be aioused and held 
during the orientation, and geneial impiession of his quick¬ 
ness to gam insight into the task lequued Of the childien 
given the standaid lesponse test fnst, 70 pel cent (14 chil¬ 
dien) weie easy to orientate, 15 pei cent (thiee childien) 
were difficult to orientate, and 15 pei cent (thiee childien) 
weie impossible to onentate Foi childien given the pictuie 
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pel cent (on J'cLld^wa^d^culTt W61e easy to dentate), 5 

(thiee childien) weie imnn 0 onentate, and 16 pei cent 
theie was a slightly gieato 1° ° 1Ientate Although 
onentate to the pictuie test P oportl0n of childien easy to 
this piopoition and the n pi f ec tnie, the diffeience between 
standazi xesZTt^aT ° U T Y t0 01ientate 
accoi ding to a t test (t 50, P^o) ^ Statlstlcaliy ffl «“f»cant 


one technique weie eaSy t0 011entate by 

when it was given second ]n . by the othei techni< l ue 

diffei ences existed 44 1 the testln S sequence Wheie 

test method Foi examnte'^ 8 m fav01 of the pictule 
test fust and easv f n / ’ s ° me childien given the pictuie 

to onentate to the a Je f abe weie difficult oi impossible 
entate to the standaid lesponse test when it followed 


TABLE III 

- ia aaaag5! a t HREH frequency test 



m e?sriZnot„f7 D ~ 0nS,StenCy ° f ~ - 

sponses when thei S W many times each child made le- 
The mean numhe 7f\ no t0ne piesent for each of the tests 
aid test was two dm,« Se * esponses mad e during the stand- 
A t test betwp I 4 -u bbe picbui e test the mean was 1 75 
(t 16, P 90) n theSe mean values was not significant 

thShold tesir? Threshold Test Time— Timing of the 
1 e, aftei the eh m a ^ ei completion of the onentation, 
sponses Becain? 1 ad made thiee successive collect le- 
eais foi one m h TV™ dien could »<* be tested in both 
light and left ea ° ^ le tesb P loc eduies, test times foi 
ea!s which fuMV 8 ?\ e fttainted, and m the analysis only 
to make possible 6 by both met hods weie consideied 

the test tfZf i f , m f tCh 81 ° ups t test Table III shows 
the test times and t test lesults It can be seen that the 
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standaid lesponse method lequiied less time than the pictuie 
lesponse method, but the diffeience was significant foi only 
the left eais (It was the examinei’s impiession that the 
pictuie lesponse test lequned longei time because the childien 
enjoyed seeing the pictuies so much ) 

Pei Cent Complete Tests Obtained —Not all childien could 
be tested completely (thiee fiequencies m both eais) with 
both lesponse methods Some could be tested in one eai only 
by a given method, and otheis could not be tested at all Table 
IV shows the pei cent of the 39 childien who could not be 
tested m eithei eai, who could be tested m one eai only, and 
who could be tested m both eais by each of the methods 
Each child was tabulated foi his testing with the pictuie 
test and foi his testing with the standaid test Thirty-eight 


TABLE IV 

PER CENT OF THREE FREQUENCY TESTS OBTAINED 
(39 Children) 


ft 

PS 

< 


PICTURE 

Xo Test 

One Ear 

Two Ears 

ft 

£ 

No Test 

IS 

2 

21 

< 

One Ear 

0 

10 

10 

cc 

Tvro Ears 

0 

0 

3S 


pei cent (15 children) could be tested completely by both 
methods, 10 pei cent (foui childien) could be tested m one 
eai only by both methods, and 18 pei cent (seven childien) 
could not be tested by eithei method, howevei, it will be 
noticed that 21 pei cent (eight childien) could be tested m 
both eais with the pictuies, but not at all with the standaid 
response method, and that 10 pei cent (foui children) could 
be tested m both eais, using the pictuies, but m only one eai 
by the standaid method Thus a total of 69 per cent (27 
childien) could be tested in both ears by the pictuie method, 
but only 38 pei cent (15 children) could be tested m both 
eais by the standaid response method (In this analysis if 
a child could be tested foi only one oi two frequencies m an 
eai, the result was not counted as a test for that eai ) 

Child's Preference —At the end of an initial testing session 
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test fust 79 pei cent (15 childien) weie easy to onentate),5 
pei cent (one child) was difficult to onentate, and 16 pei cent 
(thiee childien) weie impossible to onentate Although 
theie was a slightly greatei pioportion of childien easy to 
onentate to the pictuie test pioceduie, the diffeience between 
this pioportion and the pioportion easy to onentate with the 
standaid lesponse technique was not statistically significant 
aceoidmg to a t test (t 50, P 60) 

In geneial, those childien who weie easy to onentate by 
one technique were easy to onentate by the othei technique 
when it was given second m the testing sequence Wheie 
differences existed, they always weie m favoi of the pictuie 
test method For example, some childien given the pictuie 
test fust and easy to onentate weie difficult oi impossible 
to orientate to the standaid lesponse test when it followed 


table in 


MEAN TEST TIME IN SECONDS FOR A THREE FREQUENCY TEST^ 



Consistency of Response —Consistency of lesponse was 
measuied by noting how many times each child made ie- 
sponses when theie was no tone piesent foi each of the tests 
The mean numbei of false 1 espouses made dui mg the stand- 
aid test was two, dunng the pictuie test the mean was 1 • 

A t test between these mean values was not sigmfican 
(t 16, P 90) 


Thiee Fiequency Thieshold Test Time —Timing of tie 
thieshold testing began aftei completion of the onentation, 
te, aftei the child had made thiee successive coirect ie- 
sponses Because some childien could not be tested in bo 
eais for one oi both of the test piocedures, test times foi 
light and left eais weie sepaiated, and m the analysis on y 
eais which could be tested by both methods weie considei ^ 
to make possible a match gioups t test Table HI S ^°'' S 
the test times and t test lesults It can be seen that e 
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standaid lesponse method lequned less tune than the pictuie 
lesponse method, but the diffeience was significant foi only 
the left eais (It was the examinei’s impiession that the 
pictuie lesponse test 1 equaled longei time because the childien 
enjoyed seeing the pictuies so mucin) 

Pei Cent Complete Tests Obtained —Not all childien could 
be tested completely (thiee fiequencies m both eais) with 
both lesponse methods Some could be tested in one eai only 
by a given method, and otheis could not be tested at all Table 
TV shows the pel cent of the 89 childien who could not be 
tested m eithei eai, who could be tested m one eai only, and 
who could be tested m both eais by each of the methods 
Each child was tabulated foi Ins testing with the pictuie 
test and foi his testing with the standaid test Thirty-eight 


table rv 

PER CENT OF THREE FREQUENCY TESTS OBTAINED 
(39 Children) 


R 

PS 


PICTURE 
xso Test 

One Ear 

T^vo Ears 

or 

Z 

No Teat 

IS 

2 

21 

< 

One Ear 

0 

10 

10 

Eh 

0Q 

Two Ears 

0 

0 

38 


pei cent (15 childien) could be tested completely by both 
methods, 10 pei cent (foui children) could be tested m one 
eai only by both methods, and 18 pei cent (seven childien) 
could not be tested by eithei method, howevei, it will be 
noticed that 21 pei cent (eight childien) could be tested m 
both eais with the pictuies, but not at all with the standaid 
lesponse method, and that 10 pei cent (foui childien) could 
be tested in both eais, using the pictuies, but m only one eai 
by the standaid method Thus a total of 69 pei cent (27 
childien) could be tested in both eais by the pictuie method, 
but only 38 pei cent (15 childien) could be tested in both 
ears by the standaid lesponse method (In this analysis if 
a child could be tested foi only one oi two fiequencies m an 
ear, the lesult was not counted as a test for that ear ) 

Child’s Prefei ence —At the end of an initial testing session 
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test fust 79 pei cent (15 childien) weie easy to onentate), 5 
pei cent (one child) was difficult to onentate, and 16 pei cent 
(thiee childien) weie impossible to onentate Although 
theie was a slightly gieatei pioportion of childien easy to 
onentate to the pictuie test pioceduie, the diffeience between 
this pioportion and the pioportion easy to onentate with the 
standaid lesponse technique was not statistically significant 
according to a t test (t 50, P 60) 

In geneial, those childien who weie easy to onentate by 
one technique weie easy to onentate by the othei technique 
when it was given second m the testing sequence Wheie 
diffeiences existed, they always weie m favoi of the pictuie 
test method Foi example, some childien given the pictuie 
test fust and easy to onentate weie difficult oi impossible 
to onentate to the standaid response test when it followed 

TABLE III 

MEAN TEST TIME IN SECONDS FOR A THREE FREQUENCY TEST 

_ Picture _ Standard _ N _ °1Jd _ _t_ 

AD _ _246 230 14 24 42 6S 60 

A S __310 261 20 19 56 2 48_05 


Consistency of Response —Consistency of lesponse was 
measuied by noting how many times each child made ie- 
sponses when theie was no tone piesent foi each of the tests 
The mean numbei of false lesponses made dunng the stand- 
aid test was two, dunng the pictuie test the mean was 175 
A t test between these mean values was not significant 
(t 16, P 90) 

Thiee Fiequency Threshold Test Time —Timing of the 
thieshold testing began aftei completion of the onentation, 
le, aftei the child had made thiee successive collect ie- 
sponses Because some childien could not be tested in both 
eais foi one oi both of the test pioceduies, test times foi 
light and left eais weie sepaiated, and in the analysis only 
eais which could be tested by both methods weie consideied 
to make possible a match gioups t test Table III shows 
the test times and t test lesults It can be seen that the 
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standaid lesponse method lequxred less time than the picture 
lesponse method, but the diffeience was significant foi only 
the left eais (It was the exammei’s impiession that the 
pictuie lesponse test lequned longei time because the childien 
enjoyed seeing the pictuies so much.) 

Pe) Cent Complete Tests Obtained —Not all childien could 
be tested completely (thiee fiequencies in both eais) with 
both lesponse methods Some could be tested m one eai only 
by a given method, and otheis could not be tested at all Table 
IV shows the pei cent of the 39 childien who could not be 
tested in eithei eai, who could be tested m one eai only, and 
who could be tested in both eais by each of the methods 
Each child was tabulated foi his testing with the pictuie 
test and foi his testing with the standaid test Thirty-eight 


table rv 

PER CENT OF THREE FREQUENCY TESTS OBTAINED 
(39 Children) 


Q 

Pi 

< 


PICTURE 
\o Test 

One Ear 

Two Ears 

Q 

z 

No Teat 

IS 

2 

21 

< 

One Ear 

0 

10 

10 

E-< 

02 

Two Ears 

0 

0 

38 


pei cent (15 children) could be tested completely by both 
methods, 10 pei cent (foui childien) could be tested in one 
eai only by both methods, and 18 pei cent (seven childien) 
could not be tested by eithei method, howevei, it will be 
noticed that 21 pei cent (eight childien) could be tested m 
both eais with the pictuies, but not at all with the standaid 
lesponse method, and that 10 pei cent (foui childien) could 
be tested m both eai*s, using the pictures, but m only one eai 
by the standaid method Thus a total of 69 pei cent (27 
childien) could be tested m both eais by the pictuie method, 
but only 38 per cent (15 childien) could be tested in both 
ears by the standaid response method (In tins analysis if 
a child could be tested foi only one oi two frequencies m an 
ear, the result was not counted as a test for that eai ) 

Child's Preference —At the end of an initial testing session 
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test fust 79 pei cent (15 childien) weie easy to orientate), 5 
pel cent (one child) was difficult to onentate, and 16 pei cent 
(thiee childien) weie impossible to orientate Although 
theie was a slightly gieatei pioportion of childien easy to 
onentate to the pictuie test pioceduie, the diffeience between 
this piopoition and the pioportion easy to onentate with the 
standaid lesponse technique was not statistically significant 
according to a t test (t 50, P 60) 

In geneial, those childien who weie easy to onentate by 
one technique weie easy to onentate by the otliei technique 
when it was given second m the testing sequence Wheie 
diffeiences existed, they always weie m favoi of the pictuie 
test method For example, some childien given the pictuie 
test fust and easy to onentate weie difficult oi impossible 
to oilentate to the standaid lesponse test when it followed 

TABLE III 

MEAN TEST TIME IN SECONDS FOR A THREE FREQUENCY TEST 

_ Picture _ Standard _N_ °Mp _t_£. 

A D __246 230 14 24 42 68 60 

A S __310 261 20 19 56 2 48 05 


Consistency of Response —Consistency of lesponse was 
measuied by noting how many times each child made ie- 
sponses when theie was no tone piesent foi each of the tests 
The mean numbei of false responses made dui mg the stand- 
aid test was two, duimg the pictuie test the mean was 1 75 
A t test between these mean values was not significant 
(t 16, P 90) 

Thiee Fiequency Threshold Test Time —Timing of the 
thieshold testing began aftei completion of the ouentation, 
te, aftei the child had made thiee successive collect ie- 
sponses Because some childien could not be tested in both 
eais foi one oi both of the test pioceduies, test times foi 
light and left eais weie sepaiated, and in the analysis only 
eais which could be tested by both methods weie consideied 
to make possible a match gioups t test Table III shows 
the test times and t test lesults It can be seen that the 
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with lespect to ease with which childien can be onentated to 
give conect lesponses 

5 Theie is no significant diffeience m the numbei of false 
lesponses given duimg admimstiation of the two tests 

6 The picture testing pioceduie takes longei foi the ob¬ 
taining of tluesholds at thiee frequencies In the piesent 
study the diffeience was statistically significant foi only the 
left eais of the subjects, foi these eais the mean diffeience 
was about 50 seconds 

7 With lespect to the success with which a test at at least 
thiee fiequencies can be done, the pictuie lesponse method 
has a cleai advantage ovei the standaid lesponse method 

8 Childien piefei the pictuie lesponse test method 

When considering these eight ciitena foi comparing the 
two test techniques, the standaid lesponse method is sup¬ 
ported only by the cuteiion of test time The cntena of le- 
liability and numbei of false lesponses demonstrated no 
support foi eithei method ovei the othei The pictuie le¬ 
sponse method was suppoited by the othei five cntena 

It is questionable whethei the issue of which test is supenoi 
should be decided by the numbei of cntena m favoi of each, 
lathei, the lelative importance of the vanous cntena should 
be consideied Although the standard lesponse method took 
less time to administei aftei onentation, the diffeience was 
moie than cancelled by the shortei onentation time foi the 
pictuie method The pictuie method pioduced slightly moie 
acute thiesholds than did the standaid lesponse method, but 
this diffeience is of little numerical oi theoietical importance 
Because any thieshold is deteimined by definition, i e , hearing 
acuity is judged m terms of whethei a given lesponse is ob¬ 
tained, it is to be expected that diffeient definitions of thiesh¬ 
old (diffeient lesponses lequned) would give diffeient 
thieshold db values Howevei, the pictuie lesponse method 
was supported by the very important cntena of inteiest on 
the part of the childien and pel cent of childien who could be 
tested Gaming a child’s intei est, coopeiation, and test thiesh¬ 
olds aie of majoi importance, both foi clinical examination 
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foi a child he was asked which test he liked bettei, and which 
test he Avould like to have if he wei e to be tested again, also, 
the child’s parents weie sent a lettei lequesting them to ask 
then child piescubed leading questions about what happened 
m school that day, and to note his lesponses On the evening 
that a child was tested the paients weie inteiviewed by tele¬ 
phone legal ding then child’s comments The child’s state¬ 
ments to the exammei and the lepoits made by the paients 
weie tianscubed and piesented to five dismteiested judges 
The judges weie asked to categonze each child’s pattern of 
lesponses into the categones, “Definite piefeience foi the 
standaid test,” “Slight piefeience foi the standaid test,” “No 
piefeience,” “Slight piefeience foi the pictuie test,” and 
“Definite piefeience foi the pictuie test” These categones 
weie assigned the numencal values 1 to 5 respectively, and 
the numencal values given each child by the five judges weie 
totaled If the total for a child weie moie than 15 he was 
considered to have piefened the pictuie test, if less than 15 
the pictuie test, and if it weie 15 he was consideied to have 
shown no pieference By this pioceduie 91 pei cent (30 
children) showed piefeience foi the pictuie lesponse test, 
3 pei cent (one child) piefened the standard lesponse test, 
and 6 pel cent (two childien) showed no piefeience 

DISCUSSION 

As a lesult of these analyses the following conclusions can 
be diawn legal ding each of the eight cntenon foi eompanng 
the two test piocedures 

1 Foi an initial clinical test of healing acuity m the middle 
fiequency lange the pictuie response technique gives moie 
acute thiesholds than does the standaid hand laising lesponse 
technique The diffeience is about 3 db 

2 Reliability of the two test techniques appeals to be about 
equal 

S Onentation time foi the pictuie lesponse method is 
shoitei than foi the standaid method Foi the piesent sample 
the diffei ence was about one minute 

U The pictuie lesponse method is slightly advantageous 
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deimal lesponses Maicus and Gibbs, m 1948 and 1951, weie 
the fust to use electioencephalic lesponses to determine heal¬ 
ing One study was leported by Gidoll m 1952 In 1953, 
Pearl, et al, leported again on the use of the E E G lesponses 
m sleep to evaluate function of the eai Since oui fust pub¬ 
lication m 1956, Goldstein (1956) has leported on the use 
of the E E G m conscious states as an auditory measuiement, 
and Simon and Emmons (1956) have used these same end¬ 
points 

The oiigmal goal of all these woikeis was a clinical one 
concerning the many childien undei 4 and 5 yeais of age, 
and the many older ones m whom lack of communication is 
so senous a pioblem that standaid methods do not woik. 
With these patients it is important to be able to measuie not 
only then functioning level, but also to dissect out wheie and 
what types of trouble may exist 

Fiom the data obtained by lehable standaid audiometry it 
has been possible to mfei wheie almost any distuibance may 
he m the auditory system These mfeiences, howevei, aie 
only an appioximation They do not tell m a detailed way 
how any particulai part of the system is abnoimal, furthei- 
moie, lehable audiometry is most difficult to obtain m the 
child, wheie accuiacy is most needed 

It is duung the diagnostic and planning states in the 
patient's eaily yeais that we need certainly to know whethei 
the child's pioblem is in leception, in coding the informa¬ 
tion into nerve impulses, oi m tiansmittmg this information 
to the biam, oi if the communication pioblem might also be 
highei up in the central nervous system involving the decoding 
piocess, the awaieness, oi the mtegiation of this information 
with othei knowledge and memoues, so that synthesis into 
action oi speech lesults (Haidy, 1956) , oi if the delayed 
language might be due to psychic foices, so that the child 
fmds that only a certain level of sound oi speech is compatible 
with a comfortable existence It might cost him too much 
emotionally to pay more attention, oi invest moie m the aiea 
of communication by sounds 

Foi the evaluation of each of these components we need to 



558 


INTERNATIONAL CONFERENCE ON AUDIOLOGY 


and foi furthei audiological woik with the child In these 
lespects the pictuie lesponse method seems to have a cleai 
advantage ovei the standaid lesponse method foi testing pie- 
school age childien 
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FURTHER CONTRIBUTIONS TO THE EEG METHOD 
OF EVALUATING AUDITORY FUNCTION 

A J Derbyshire, 

Haipei Hospital, 
and 

M McDermott, 

Childien’s Hospital, 

Detroit, Mich 

In the yeai 1939 the Davises first descubed the EEG 
lesponses to sound occuinng m sleeping subjects This most 
accessible fact lay unused, except m animal work until 1948, 
when Doerflei used the E E G instrument to lecoid electio- 
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most common and most useful one we can identify Less often, 
instead of remaining suppressed, the pattern may gradually 
increase its voltage, nsmg to a le\el highei than that seen 
before stimulation This build up shows a latency of 0 5-1 0 
sec 

Third, theie aie fiequent off-effects, of typical K forma¬ 
tions, oi bnef peiiods of voltage reduction When working 



Fig 1 This E E G pattern shows three of the four possible responses to 
b seconds of pure tone The two strips are continuous. The E E G patterns 
are recorded between both ear lobes and LF (left frontal area) LPm 
(left precentral) I.M (left central) LP (left parietal) LO (left occiput) 
LT (left mid-temporal) This is a normal hearing: six-year-old patient. 
Arrows mark on and off of a 4000 c.p 3 tone at SO db to the right ear 
A K formation begins after a latency of 0 S seconds (on effect) There is 
a suppression of fast rbvthms in frontal areas from 1 4 sec. to 3 6 sec. 
(continuous effect) although delta (1-2/sec.) persist. There is no off 
effect other than the return of ll/sec spindling- with the cessation of tone 
Seventeen seconds after the stimulus starts there is a dramatic change of 
pattern signaling an arousal The child woke up stirred and fell asleep 
again. The words ‘natural arousal written on the record were our notes 
meaning that no other stimulus was Identifiable in the 17 sec. interval. 


near threshold these aie often stronger than the on-effecL 
Just as the conscious patient often misses the onset, but 
detects the turning off, of the piesented tone when at 01 near 
threshold 

Fourth, there is a late effect Any time within about 25 
seconds of turning on a tone of 5 seconds’ duration there may 
be a relatively sudden change m the entire pattern of the 
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develop standaidized methods that have a known lehabihty, 
and at the same time ease of accomplishment clinically 


The E E G audio method m sleep, and m lepose, offeis 
pioceduies which put aside the psychic factois of making 
decisions These electucal patterns tap the cential neivous 
system aftei at least leception, coding and tiansmission have 
occuned It is piobable that the E E G audio lesponse is not 
at the synthesizing 01 motoi levels It is likely that these 
lesponses anse fiom a secondaiy pathway that splits off 
the mam specific piojection path foi healing somewheie in 
the biam stem 01 thalamus This side path activates a diffuse 
system that m turn stimulates the cortex, both geneially and 
specifically The lesult is oui EEG lesponse, and we be¬ 
lieve an accompanying change m patients’ sleep level When 
the lesults of E E G audio tests with known lehability aie 
compaied to standaid audiometiy, and to electiodeimal audi- 
ometiy, etc, then we can begin to establish wheie, to what 
degiee and what kinds of mfoimation loss have occuued in 
oui patient’s communication channel 


Of piimaiy importance is a caieful desciiption of the 
detectable lesponses used m E E G audiometiy m sleep We 
began by seaichmg foi the K foimations descubed by Davis 
They weie most cleai and useful, but lequned a model ate to 
deep stage of sleep, and did not covei all of the vanous le¬ 
sponses They weie bettei seen m lesponse to clicks lathei 
than puie tone Theie weie many times when a 1 eduction of 
voltage 01 othei changes weie moie appaient 


We find we can descube foui component parts to the total 
lesponse to a puie tone of two to six seconds’ duiation (see 
Fig 1) Theie is, fust, an on-effect with a latency of 50-500 
msec (avei age 250 msec ) This is most often a K foimation, 
oi a fiagment of one oi a spindle of 14/sec waves Whethei 
oi not a K foimation occuis, theie is, second, a i eduction of 
voltage, particulaily of the fastei frequencies m the pattern 
with a latency of 200 to 600 msec (aveiage 400 msec ) This 
suppiession may be buef oi may continue thioughout the 
2 to 6 seconds the tone is piesented Although this is not the 
only kind of lesponse at this point in time, it is by all odds the 
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These lepeats weie done because we weie dissatisfied with 
the results on the first test foi one leason 01 anothei Heie 
again the vaiiation was =18 db We believe these expiess 
the worst possible enois in the method, and befoie giving a 
final statement we intend to descube moie fully the natuie 
of the most lehable lesponse and the lules foi its detection. 
We believe we can do bettei, because the consistency within 
one test is much bettei than the figuie of =18 db When 
there is deviation m oui compai isons it is consistent and 
applies to all points m that test 

Oui fnst attempts to solve the reasons foi these differences 
is the work we aie leporting here We will describe these 
E E G i espouses as a function of intensity ovei a wide in¬ 
tensity lange It should be emphasized that thresholds, le- 
gardless of then usefulness, are but a senes of pomts along 
one edge of a vast field of sensory experience. A tlneshold 
is a function tested at its limits, wheie it is most likely to be 
non-linear At threshold the mechanism may function on 
some othei pnnciples than it ivould at the levels used foi 
oidinary communication Finally a threshold is where error 
is likely to be gieatest 

Theie are two aspects of E E G responses which we can 
measure easily as functions of intensity one is the latency 
of the response, the othei is peicentage of positive responses 
identified at each intensity level, and these can be studied m 
repose and sleep states in the same patient In fact, on 
several occasions it has been possible to record on the 8 
channel E E G machine a signal of the tone piesented, a 
signal activated by the patient’s closmg a micio-switch held in 
his hand, the potentials of the muscles used for that action, 
the E E G, the E D G and eithei a pneumograph of the chest 
or a plethysmogiaph of a fmger (see Fig 2) This lecord 
may start m lepose, and after obtaining the function l elating 
intensity to response, the patient may fall asleep, and we 
can repeat the function in sleep The percentage of positive 
responses as a function of intensity can then be compared m 
repose and sleep 

It is often important to plot the latency m seconds as a 
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Cadi^liac a9 5 T 1U h S 1S as Chafetz and 

m comnlexitv 1 aVe , s ^ own » the lesponse tends to vaiy 
goes ove !!’ ampl ' tude ’ and ease of detection It comes and 
coitical ai pau 10 S ° f aeconds to minu tes Peculiaily, not all 
cleailv viqihi WaX 3nd wane s y nc hionously, so that the most 
foim of fh -p-p 6 ^ 1301156 may fiom aiea to aiea Tlie 

shin tn f i- / eSP0nSes s ^ ow httle evidence of lelation- 

lationshm nf S1 p y ° f s ^ imulus as we test fox them This le- 
masW? h ° lm u °f lesponse to intensity could well be 
kton^ 7 ° U \ method of ^udy It is cleai that since oui 
9 n S y ai ^ 10rn the shortest of 50-70 msec to well ovei 

hpoaif C03 +v. a WG 316 dea ^ ing- WJ th a complex system In fact, 
Decause the lesponse is, 7 independent of age (down to 2 

S ' as such a long and vanable latency, 3 is most 
j f 1 f 1 onto-cential aieas, we have pioposed the 

ea a e lesponse is evoked m the coitex, not by the 

Liw y .f° JeCtl0n Path to the tempoial lobe, but by a side 
ie leticulai formation of the midbiain oi thalamus 

P p r^ Ue t 10n We cann °t answei is whethei oi not eveiy 
c ange we identify could be heaid by the patient if 

<!nvmA le conscious an ^ attending Theie is the possibility of 
sound arnvmg thiough the eai into the cential neivous 

em a P & tient could not consciously detect oi heai 


Accepting these EEG changes m sleep as lesponses to 
p ie tone, the next question is what is the thieshold of this 
lesponse, and what lelations does it have to conscious 
eai mg e define as thieshold the intensity level pioducing 
50 pei cent positive lesponse 


The companson of E E G thieshold with standaid and,- 
ometnc thiesholds m a gioup of ehildien in a deaf school 
showed a deviation of ±18 db Recently we deteimmed the 
vailation between lepeat EEG audiometnc tests in sleep 
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Fig - 3 These are the plots of the latencies In the upper graph and the 
percentages of positive responses in the lower graph for 4 of the phe¬ 
nomena recorded poly graphically This data is obtained from the same 
patient in repose as shown In Fig 2 except that this is for 1000 c.p s to 
right ear Isote that the latency of Alpha suppression is shorter tha n 
latency of muscle potentials till the le\ el of 15 db Is reached Above 15 
db the muscle has the shorter latency 

K ey—Closure of micro-switch held In patients hand E M.G—electro- 
^ >a J ^ e f?i° nse i S from tlie muscle group for flexing palm and fingers of 
holding key E D TL—Electrodermal responses as potential changes 
between palm and back of hand EEG—electroencephallc responses from 
leads covering frontal motor and occipital zones. Decibels in this paper 
are all relative to 0 db as the normal human threshold for that frequency 
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function of intensity m decibels simultaneously with the pel 
cent lesponse cuive Latency appioaches infinite duiation 
at some minimal intensity With mci easing intensities the 
latency shoitens until it appioaches a minimal constant value 
This cuive is so close to an hypeibola that if it is plotted as 
the lecipiocal of the latency against intensity in decibels a 
straight line lesults Neai thieshold the points tend to 
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Fig 2 This is a strip of polygraphic recording from a patient in repose 
showing the responses to a tone of 250 c-p s to his right ear at 40 db or 
5 db above his standard audiometric threshold The iatenc\ of closure ol 
key is 1 4 seconds The latency of suppression of Alpha is 0 7 seconds 
The muscle potentials appear at 1 3 seconds The electrodermal response 
occurs at 1 9 seconds w hile the plethysmograph change occurs at almost 
4 seconds With cessation of tone there is opening of Key in 0 5 seconds 
Alpha suppression in 1 3 seconds while the muscle potentials end in 
0 35 seconds 


deviate fiom the stiaight ]me function and may follow some 
diffeient law, 01 it may be that since data is difficult to 
obtain at those low intensity levels in any quantity, inaccuiacy 
makes lesults umehable 

By examining" the functions of both latency and pel cent 
lesponse, it is moie appaient when an enoi in leading has 
occuned In such a case the points at one sensation level on 
both cuives deviate widely fiom the expected 01 smooth func¬ 
tion By le-examming the law data foi these points one can 
learn about the enois m judgment likely to be made Theie 
is often wide vanation aiound each point, but the consistency 
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Fig 4-B 

FIS’ 4 A-B This figure presents the plots of latencies in the lower 
curves and of the percentages of positive responses in upper cur\es The 
three Inditidual curves represent the EEG responses In sleep the sup¬ 
pression of Alpha In the EEG of repose and either the muscle potentials 
or closure of key in repose The four patients are A- G a normal O M. 
middle aged patient with otosclerosis of some eight years duration B* G 
an elderly person with deafness occurring late in life on the side being 
tested and IC B a joung child who clinicallj has evidenced both deafness 
and language retardation since the age of speech development. These 
functions were all studied at 500 c.p a 

The re\ersal of latencies between Alpha suppression and kej is not 
seen in all patients in the range studied The functions of the unconscious 
responses (E.E G ) arrive at a maximal percentage and minimal latencies 
about the intensity le\ el at which the conscious response Is making its 
most rapid changes. 

On patient IC B is indicated a phenomenon which Is not rare The per 
cent of positive EEG responses falls off at intensities higher than those 
which achieve the maximum. This suggests Inhibitory phenomena. (Hardy 
1957) 


■when woiking at minimal intensities It is most obvious that 
the subject heais, even though he decides not to lespond 

At minimal levels of intensity the suppiession of Alpha 
appeals as the fust 1 espouse m tune and the muscle potentials 
come latei m time About 20 db above this level theie is a 
tiend foi reveisal The muscle potentials appeal fust and 
the Alpha suppression follows We assume that the Alpha 
activity is suppiessed by an mciease m attention In the 
light of tins concept, then, the Alpha suppression would be 
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with which the aveiages yield the same shape of cuive con¬ 
vinces us of the presence of the two functions at this low in¬ 
tensity edge of the auditory field 

The companson of these functions with diffeient kinds 
of communication pioblems, and the companson of lepose 
and sleep, bung out information about oui ongmal pioblem 
of the differences between standaid and EEG audiometry 


NORMAL A.C. I5YR3. LATL DLAF QK 'rOYtt 



Fie 4-\ 


An lllustiation of these functions as displayed by the 
vanous end points of lesponse in the waking noimal subjec 
aie lllustiated m Fig 3 

The unconsciously contioiled components te, EEG and 
E D G tend to show a highei peicentage of positive lesponses 
and shoitei latencies than those of the E M G and the key 
at low intensity levels These lesponses may leflect the 
piesence in the cential neivous system of the information 
upon which the closing of the key is made It is of intei es 
to see the piesence of muscle tension without closuxe of key 





INTERNATIONAL CONFERENCE ON AUDIOLOGY 


569 


mum It appeals that the conscious audiometnc thieshold is 
the level at which neai maximal aleitness has been achieved 
by the tone 

J J Gioen (1957) has suggested that these cuives lepie- 
sent piobability functions, m which the coincidental piesence 
of the fnst two (E E G lesponse m sleep and m lepose) 
might lepiesent activities in the neivous system which cause 
the thud (lesponse of the key) It seems as though each 
function might lepiesent a nucleus on the way to the cortical 
suiface 

The lesponse of the key would leflect cortical activity 
The Alpha suppiession m lepose would leflect the action 
of some nucleus below the cortical level, peihaps m the thala¬ 
mus The EEG lesponses in sleep would leflect a still 
deepei nucleus 01 centei peihaps in midbiam 

SUMMARY 

The chaiactenstics of lesponses to tone m the EEG m 
sleep aie leviewed On, continuous, off and late effects aie 
descubed 

The latency of the fust identifiable lesponse, and the pei 
cent positive lesponses aie studied as functions of intensity 

Thiee functions aie compaied 

1 In sleep those descubed above (an unconscious lesponse) 

2 In lepose the Alpha suppiession (an unconscious le¬ 
sponse) 

3 In lepose the elosuie of a key (a consciously determined 
decision) 

The function of pei cent positive lesponses m sleep has 
the most giadual slope, while the elosuie of the key has the 
steepest slope 

The latency at minimal intensities is shortest foi the E E G 
lesponse m sleep, while it is longest foi elosuie of key The 
diffeience is lost, or the leveise is tiue at the highei intensity 
levels 
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much moie likely at low intensity levels, wheie the signal is 
haidly distinguishable fiom the backgiound noise, and an 
mci ease m attention is lequned foi detection of the sound 
When the tone is 20 db stiongei, tnen no change m attentive¬ 
ness is lequned foi detection, so the Alpha may not suppiess, 
howevei, we often now find the Alpha suppiessed aftei the 
appeal ance of the muscle potentials foi closing the key It 
is piobably the mciease in alertness lesultmg fiom the move¬ 
ment which pioduces this Alpha suppiession 

In Fig 4 aie shown foui pans of these same cuives of 
latency and pei cent positive lesponse i elated to intensity 
for foui pei sons (one noimal and one deaf fiom otoscleiosis, 
one deaf late m life and one child with both aphasia and 
deafness) In each giaph aie piesented simultaneously the 
three curves found for the key oi muscle lesponse, the sup¬ 
piession of Alpha m lepose and the E E G lesponse in sleep 

The lelationships between these thiee measuiements in¬ 
dicates that the consciously deteimined lesponse of muscle oi 
key has a shift from 0 to 100 pei cent positive lesponse ovei 
only a nanow intensity lange The E E G lesponse m lepose 
has a less steep slope, and uses ovei a bioadei intensity 
lange, while the E E G lesponse in sleep has a still moie 
gradual use oi slope The tiend, howevei, is foi the EE G 
functions to amve at then maximum pei cent at the same 
intensity level at which the key oi muscle lesponse suddenly 
uses to its maximum 

The function of the muscle, oi key lesponse, expiesses the 
piobability of occunence of a conscious decision This de¬ 
cision is detei mined by many factois, which aie at piesent 
being investigated by W Tannei (1956) Ovei and above 
the signal to noise latio these factois include the vanous 
values and costs of collect and enoneous judgments within 
the situation The decision also depends upon the clanty in 
the patient’s memoiy of the tone for which he is listening, as 
well as his ability to listen 

Since the E E G functions aie a con elate of aleitness and 
aiousal, it is significant that these leach then maximum at 
the time when the key lesponse makes its lapid use to maxi- 
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BEHAVIOR OP THE NEUROGLIA OF THE ACOUSTIC 
NUCLEI, SUB-CORTICAL CENTERS AND AUDITORY 
CORTEX, OF CATS INTOXICATED WITH 
DIHYDRO-STREPTOMYCIN 

Geraldo de Sa, 

Uruveisity of Recife, Biazil 

Neurotoxic phenomena caused by the use of antibiotics, aie 
well known, howevei, the specific toxicity of streptomycin 
foi the vestibulai system, and of dihydio-stieptomycm foi the 
cochleai system, is inteiestmg Liteiatuie on the subject is 
wide, and we should like to lemembei the papeis of Fowlei 
and Seligman 1 , Can, Blown, Hodgson, and Heilman 2 , Shane 
and Laune 3 , Glong 1 , Heck, Lynch and Giaves 5 , Causse 6 , 
etc 

Consideimg the neuiotoxic phenomena doubtless induced 
hematically, we tiled to venfy the behavioi of the nourishing 
element of the nerve tissues, the neuioglia, m the seveial 
nuclei of the cochleai pathway, the sub-cortical centeis and 
m the auditory cortex No lefeience was found to this im¬ 
portant complement of the nervous tissue m moie than 40 
bibliogiaplnc souices Taking advantage of the known spe¬ 
cific toxicity of dihydi o-sti eptomycm foi the cochleai system, 
we endeavoied to bring some light to the confused cochleai 
pathway and cortical piojection on an expeiimental anmial 
Unable to use the monkey, we chose the cat, whose nervous 
system has been thoroughly investigated 

ANATOMIC AND PHYSIOLOGIC DATA 

Stimuli leceived by the oigan of Coiti pass the doisal and 
vential cochleai nuclei, fiom theie they go through the 

571 
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The E E G lesponse in sleep and the Alpha suppression 
m lepose are inter, pi eted as signs of aleitmg mechanisms of 
the reticulai foimation These functions leach then maxi¬ 
mum at the same intensity level at which the pel cent le- 
sponse foi the closure of the key reaches its maximum This 
suggests that maximal alertness is one element in detei- 
minmg the standard audiometnc threshold 
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Fig- 1 


letti, 1915 19 , Loieti, 1938-°, Bairati, 1950 21 , and Contu, 
1953”, by the Anglo-Amencan School, Penfield, 1924 23 , and 
Robertson, 1900, 21 and by the Geiman School, Nissl, 1904, 
and Bauei, 1924 25 
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supenoi olive, tiapezoid body nucleus and the opposite lat- 
eial lemniscus nucleus to the mfeiioi colliculus (postenoi 
quadngemmal tubeicle) and to the medial geniculate body, 
which also leceives stimuli fiom the mfeiioi colliculus and 
fiom fibeis of the opposite neive, thiough the so-called Gud- 
den commissuie (Castaldi, 1920 r ) It is evident, that the 
mfeiioi colliculus has a double action a Intel posed centei 
m the superioi pathway, b Reflex centei Cochleai leflex 
movements of the eyes and neck aie so detei mined It is, 
theiefoie, established that the tiue acoustic sub-coitical centei 
is on the medial geniculate body, wheie the acoustic ladiation 
that goes to the cortex ongmates (Becan, 1943 8 ) 

The centei of the acoustic piojection is little known in e\- 
penmental animals In the human, it is localized above the 
the supenoi tempoial gyius, (Pfeifei, 1920°), and constituted 
by sepai ated stnae oiganized in diffeient physiologic zones, 
placed accoidmg to Campbell 10 and Penfield 11 on the aieas 
22, 41, 42 of Biodman’s chait 

Walker 12 described the acoustic piojection on the monkey 
Very little is known about the othei veitebiates, including 
the cat, besides Cajal’s (1911) demonstiation ot elements 
that weie similai to the acoustic cells of man 13 Functional 
localizations weie well obseived on the caimvoia, but the un¬ 
certainty about the acoustic aiea lemamed, due to the pooily 
defined lelations of the tempoial sulci The disagieement 
among wnteis leached its peak legal ding the identification 
of the so-called ecto-sylvian sulcus 

Fig 1 shows the lateial views of the biam of the cat, ac- 
coidmg to Dussei de Baienne 14 and of the ceicoleptes caudi- 
volvulus, accoidmg to Biodman 13 The moiphologic diffei- 
ence of the topogiaphical anangements of the sulci of the 
tempoial lobe, mainly the ecto-sylvian sulcus, is cleai In 
the cat, the sulcus is called pseudo-sylvian and located in fiont, 
of the antenoi ecto-sylvian sulcus and behind the postenoi 
ecto-sylvian sulcus 

The well-known neuioglia was mainly studied by the Span¬ 
ish School, Cajal, 1911, 1920 13 , Rio Hoitega, 1921, 1942 10 , 
De Castio, 1942 1 ', by the Italian School, Golgi, 1903 IS , Cei- 
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animals had then weight and cochleai leflexes conti oiled 
every two days The animals weie sacuficed by pei fusion 
of the Del Rio-Hortega liquid Distilled watei, 240 cc , Foi- 
malm, 60 cc, Ammonium biomide, 9 gi , pH = 5 

The fixation was conti oiled daily, and the solution changed 
every time it became neutial Aftei 15 days of fixation the 
specimens weie fiozen-sectioned and submitted to lmpiegna- 
tion foi 30 days 
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The Del Rio-Hoi tega method as used in the Anatomy Lab¬ 
oratory of the Umveisity of Recife includes the following 
rules 

1 Aftei life fixation by pei fusion, excision of the nervous 
system with dissection of the pons, medial gemculate body 
biachium of the mfenoi colliculus, mfenoi colliculus, and 
coitex, conespondmg to the gyii m fiont, and behind to the 
pseudo-sylvian sulcus Specimens obtained weie submitted to 
fixation foi 15 days in the Rio-Hortega liquid 

2 Frozen sections, 15 to 25 mieia thick 
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Banati and Contu established the ghal aichitectuze of the 
neivous centeis, the foimei in the amphibia and avis, and 
the lattei m the leptiha and mammalia These authois pio- 
posed the following classification 

Type 1 Aichitectuie of the white substance gliocytes ai- 
langed aiound the myelin sheath, bound among themselves 
and with the vasculai net, by othei ghal elements, foinung 
a connective appaiatus 

Type 2 Aichitectuie of the biam stem nuclei gliocytes 
foimmg penneuional sheaths ananged as a connective ap¬ 
paiatus with the blood vessels 

Type S Aichitectuie of the supia axial centeis gliocytes 
aiticulated with the ghal piocesses and with the vessels 

Studying the medulla oblongata of the cat, Contu found 
ghal aichitectuie of the second type, foimed by fibious ele¬ 
ments with numeious satellite ohgodendioghocytes In the 
mfenoi colliculus the same aspect was seen mnumeiable 
ohgodendioghocytes with legulai cuboid body, thin, smooth, 
hail like piocesses, scaicely lamified In the young animals, 
howevei, the aichitectuie is constituted by piotoplasmatic 
elements, also scaicely lamified, epithelioid elements and 
small ohgodendioghocytes The foimei aspect, accoiding to 
the authoi, would be the lesult of age 

Some authois lepoited glial intoxication Among them, 
Sancez Ibanez and Peiez- 0 in 1935 pel foimed guamdimc in¬ 
toxication and obseived gliosis and gianulai degeneiation of 
the piocesses' cytoplasma 

Stigliam 2 ' m 1940, demonstiated in the toxi-infections a 
gieat amount of nemogha, and wntes about ghal hypeiplasm 
without any statistical pi oof, as lepoited befoie by Lucaio 
m 1907, even though affnming that mitosis and amitosis 
weie exceptional on the neuioglia 

MATERIAL AND METHODS 

Five cats, two male and thiee female, between eight and 
18 months old, weie used Meat and milk weie then diet 
One of the cats was used as a contiol (see chait) The 
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Pig 2 

A —Section of cochlear entral nucleus of control cat—500X. 

B—Section of cochlear \ entral nucleus of Intoxicated cat—500X* 

(Del Rio-Hortega Method) 



Fig 3 

V—Section of trapezoid bod\ of control cat—500X. 

B—Section of trapezoid bodj of intoxicated cat—500^ 

(Del Rlo-Hortega Method) 
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Re-fixation m the Rio-Hortega foi 15 days 
Washings foi one horn in thiee distilled wateis 


fl r)Lff Ctl °f S / Ubmitted t0 Horte ^ a ’ s sllvei - to which was 
, 0 0U1 drops of pn ldm, foi one houi at ambiental 

tempeiatuie, and foi 10 to 20 minutes at 50° C 


6 Washing foi 30 minutes m distilled watei 

7 Re duction m foimaldehyde solution by 5 pei cent 

8 Washing foi one hour m distilled watei 

9 Turning ovei of the specimens m a solution of 2 pei cent 
of gold chlonde 


10 Fast washing m distilled watei 

11 Reduction foi five minutes in a 5 pei cent solution of 
sodium hyposulfite 

12 Washing foi one houi and alcoholic dehydiation fol¬ 
lowed by mounting of the specimens m Canada balsam 

Some of the specimens have also been submitted to the 
Mallory and lion Hematoxilm methods 


EXPERIMENTAL FINDINGS 

Sections of the pons, (cochleai nuclei, supenoi olive, and 
tiapezoid body nucleus), mesencephalon, (mfeiioi colliculus), 
metathalamus, (medial geniculate body) and coitex, (gyms 
between the pseudo-sylvian sulcus and the postenoi ecto- 
sylvian sulcus), weie studied 

Pons 

Conti ol Cat—Glial aichitectuie of the second type was 
found on the cochleai nuclei, supenoi olive and tiapezoid 
body Penneuional sheath foimed by fibious astiocytes and 
satellite ohgodendioghocytes nicely developing connective 
appaiatus and connections with the blood vessels (see Figs 
2, 3) 

Intoxicated Cats—Only the nuclei of the ghocytes appeal, 
many with abundant atypical mitosis The glial piocesses aie 



INTERNATIONAL CONFERENCE ON AUDIOLOGY 


579 


not demonstiable, and only a few oligodendiogliocytes pie- 
sent thin piocesses, almost ummpi egnated, mitosis moie 
fiequent on the gliocytes of the connective appaiatus 

Mesencephalon 

Conti ol Cat—Typical second type architectuie on the m- 
fenoi colliculus Big fibious astiocytes with many lannfica- 



Flff 5 

\—Section of geniculate bod} of control cat—145X. 

B—Section of geniculate bod\ of control cat—500X. 

(Del Rio-Hortega Method) 


tions Many ohgodendiogliocytes with thm and smooth pio¬ 
cesses with little piotoplasmatic elements (see Fig 4) 

Intoxicated Cats—A very diffeient aspect, atypical mitosis 
and only m veiy few elements the piocesses appeared slightly 
impiegnated, most of the piocesses aie non-identifiable 

Metathalamus 

Conti ol Cat—Glial aichitectuie of the geniculate body of 
second type, chaiactenzed by the piesence of few fibious 
astiocytes, many piotoplasmatic piocesses and oligodendio- 
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FIff 4 

\—Section of interior colliculus of fntoxicited cut—SOX. 

B—Section of Inferior colliculus of Intoxicated cut—500V 
C—Section of inferior colliculus of control cut-—14 dV 

(Del Rio-Hortega Method; 
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FI g 7 

^—Section of the rus behind the pseudo-si1\ Ian sulcus of control 
cat—145X. 

B and C—Section of the gyrus behind the pseudo-sylvian sulcus of In¬ 
toxicated cat—500X- (Del Rio-Hortegra Method) 
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ns- g 

V—Section of central area of geniculate bod\ of Intoxicated cat— -500 

B and C—Section of marginal urea of ^nlculate bod\ thod) 

C at—»00X. (Del Rio Hortega Meta 
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be detected only on the moleculai stiatura, even though not 
so evident as m the conti ol cat 

Spinal Coidj Biain Stem and A) eas of the Coi tex 

Conti ol Cat—Normal glial aichitectuies 

Intoxicated Cats—The spinal coid shows normal glial 
aichitectuie, less evident glial aichitectuie was found m 
the boundaiies of the pons, m the biam stem as well as m 
othei aieas of the pons themselves, as much m the white 
substance as m the giay, sections of the fiontal, panetal and 
occipital cortex showed no alteiation of the glial stiuctuies 

CONSIDERATIONS AND CONCLUSIONS 

Objections could be made to this expeiiment on the basis 
of the known lability of the glial stiuctuies undei silvei 
impregnation Ceiletti 10 m 1915 denied the existence of the 
glial piocesses That opinion was, howevei, due to the dif¬ 
ficulty of impiegnation of glial stiuctuies permitting the 
appearance of technical artifacts Diffeient aspects of neu- 
loglia observed undei similai conditions have been leported 
by Caidona, 29 and Stigliam 2- assumed that the geneial condi¬ 
tions of the matenal would lule the glial demonsti ability 
Based on this assumption he explained the phenomenon of 
glial phaneiosis, which would not be hypeiplasia, but only 
bettei identification due to self and sunounding conditions 
Doubtless this phenomenon is moie evident m the cortex, 
and we found it m the gyius behind the postenoi ecto-sylvian 
sulcus giving the impiession of gliosis On the othei hand 
we found that m the gyius behind the pseudo-sylvian sulcus 
the glial stiuctuie disappeaied, leaving only the cellulai bodies, 
many of which piesented mitosis It seems evident that aieas 
so closely placed and so deeply diffeientiated must be undei 
different metabolic conditions This must also be the leason 
foi the vanous observations of the neuroglia 

We cannot say which is the tiue toxic action of the stiepto- 
mycm ovei the neuiogha m the observed aieas whethei the 
alteiations aie definitive 01 tiansitory, 01 whethei this 
toxicity acts on the neuioglia alone, but we can affirm 
the fact that this toxic action leaches the feeding elements 
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cytes with small piocesses, seveial ghocytes without any 
piocesses Tiansitional elements weie found heie between 
piotoplasmatic and fibious piocesses (see Figs 5, 6) 

Intoxicated Cats—Many atypical mitosis of the ghocytes, 
veiy few impiegnated piocesses could be found 



Fig s 


A—Section of molecular stratum of the rua 
sulcus of control cat—145X 

B—Section of molecular stratum of the rus 
sulcus of Intoxicated cat—SOX. 


behind the pseudo-syB 


behind the paeu<lo-s> O'a 1 ? 
(Del Rlo-Hortegu Method) 


Auditm'y Coitex 

Contiol Cat—Glial aichitectuie of the thud type Fibious 
and piotoplasmatic astiocytes, many ohgodendioghocytes 
with cuboid body and smooth and hanlike piocesses (see 
Figs 7, 8) 

Intoxicated Cats—Glial aichitectuie too evident in the gyrus 
behind the postenoi ecto-sylvian sulcus seeming a gliosis, 
while in the gyius behind the pseudo-sylvian sulcus the gho¬ 
cytes show no piocesses and some mitosis Processes could 
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called phaneiosys and gliai-ieaction expiessed by intense 
mitotic activity, winch is seen mainly m the geniculate body 
Ghai phaneiosys and mitosis aie also visible m the gnus 
behind the pseudo-sylvian sulcus, peimittmg the authoi to 
assume the hypothesis of this being the cortical centei of the 
acoustic ladation 
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of the neive cells, inducing glial mitosis with lack of impieg- 
nation of the glial piocesses 

Oui obseivations need fuithei histological and cytochenncal 
basis It is oui intention to lepeat the expenment and study 
the matenal with a polanzei micioscope to obseive eventual 
modifications of the lefungency of the piocesses This, we 
undei stand, would give a bettei answei as to the destiny of 
the piocesses We also think it necessaiy to veufy the num- 
bei of glial nuclei statistically, and so piove the existence 
of hypeiplasia, also, we wondei whethei the piocesses would 
lemam impiegnated if submitted to moie intensive fixation 

With the data obtained m oui experiment we can, howevei, 
conclude that the dihydio-stieptomycm exerts toxic action 
on the centeis of the cochleai pathway, as shown by atypical 
glial mitosis and disappeaiance of glial stiuctuies, well demon- 
stiated m specimens taken fiom a conti ol animal, tieated 
with the same technical appioach, furtheimoie, the piesence 
of mitosis and the absence of glial piocesses in one aiea of the 
gyrus behind the pseudo-sylvian sulcus, peimits us to assume 
that this is the site of cential acoustic ladiation in the cat 

SUMMARY 

Employing the silvei impiegnation method of Del Ri° 
Hoitega, the Malloiy and the lion-hematoxylin methods, the 
authoi studies the neuroglia of the nuclei of the cochleai 
pathway (vential and doisal cochleai nuclei, supenoi olive, 
tiapezoid body nucleum and lateial lemniscus nucleum), the 
sub-coitical acoustic centeis (tubeiculum quadiigemmus m- 
fenoi and medial geniculate body) and the ceiebial cortex 
concerning the gyn m fiont of and behind the pseudo-sylvian 
sulcus, piesumed aiea of lepiesentation of the acoustic iadia- 
tion, m foui cats, intoxicated with daily doses of 0 10 to 0 - 
giams of dihydio-stieptomycm, applied paienteially foi 1 
to 22 days One cat was used as conti ol 

The gliai aiclntectuie was found disoiganized m the nuclei 
of the cochleai pathway and in the sub-cortical centeis The 
neuioglia cells appeal with piotoplasmatic piocesses not easily 
identifiable In some cases it is visible, the phenomenon so- 
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tion of the internal spual with the mtiaganglionic spnal 
fibeis, whose leal oiigins aie m the supenoi olivai peduncle, 
foimmg the so-called Rasmussen bundle 34 These fibeis aie 
dnected to the internal acoustic cells which, tlieiefoie, leceive 
double nerve supply, affeient and effeient 

Rasmussen’s descuption was confnmed by Fernandez 5 , 
Portmann 0 , Contu and Pnodda", and Fiene deBanos 9 , while 
Bocca 910 , Palumbi 11 and Del Bo and Livan 1213 , expiessed the 
opinion that the spnal fibeis weie fxom sympathetic or ves- 
tibulai ongm, lemindmg us of the so-called cochleo-vestibulai 
anastomosis, described by Boettchei, 14 Boveio, 15 Oorth, 16 
Weston and Mesolella Considenng the external fibeis, 
Held 18 and Kolmei 19 agiee on then couise and teimmation m 
the external acoustic cells 

Very little emphasis has been placed upon the ganglion of 
Corti and with the exception of Fort, 20 the majonty of wnteis 
place the ganglionic cells m the Rosenthal canal Wnteis 
limit themselves to the descuption of the cochleai neiwe as 
a bundle of axons pertaining to the ganglion of Coiti'£ bi-polai 
cells As a lule, neuioglia was found on its fust segment, 
6 to 8 mm fiom its appaient oiigin 21 

Many yeais ago, Hyitl, Stanmus, Kollikei and Pieiiet 22 
found cells on the surface and mtenoi of the acoustic neiwe, 
and Eilisky 23 and Fort, 20 and lecently Chiaiugi, 24 descubed 
cellulai elements in the vestibulai blanch of the VHIth nerve, 
ananged in groups as m the pimcipal ganglia 

We used the cat as expenmental animal, mtiavitally fixed 
with Rio Hortega’s oi De Castro’s formulas The whole tem- 
poial bone was lemoved with the acoustic neive up to the 
rhombencephalon Specimens weie submitted to electiolytical 
decalcification and silvei lmpi egnated, by the Cajal De Castio, 
Bodian and Rio Hortega metohds Fiozen sections weie 
made fiom those undei Cajal De Castio and Bodian impregna¬ 
tion, and colloidan-paiaffm-fast inclusion permitted us to ob¬ 
tain a complete senation fiom the cochleai to the lhomben- 
cephalon 


We leached the following conclusions 
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OBSERVATIONS AND CONSIDERATIONS ABOUT THE 
COCHLEAR INNERVATION OF THE CAT 


Paolo Contu, 
Univeisity of Recife, Biazil 


Incomplete anatomical bases have been the cause of many 
hearing theones, theiefoie, pioblems concerning cochleai 
mneivation aie doubtless impoitant 


In oui laboiatory of Micioscopic Anatomy we aie consider¬ 
ing the cochleai neive problem, establishing systematic ie- 
seaich undei the most modem methods and techniques, an 
considenng not only the oigan of Coiti but also the whole 
acoustic system 


Caieful levision of available hteiatuie demonstiates dif- 
feient distribution of penphenc cochleai neive fibeis among 
man and othei mammals 


Loiente de No’s 12 classical division of neive fibeis in 
ladial, external spnal, internal spnal and intiaganglionic 
spual fibeis, was lately substantially modified by identifies- 
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tion of the internal spual with the mtiaganglionic spnal 
fibeis, whose leal ongins aie m the supenoi olivai peduncle, 
foiramg the so-called Rasmussen bundle 34 These fibeis aie 
dnected to the internal acoustic cells which, theiefoie, leceive 
double nerve supply, affeient and effeient 

Rasmussen’s descuption was conflimed by Fernandez 5 , 
PortmamP, Contu and Pnodda", and Fiene deBanos 5 , while 
Bocca 910 , Palumbi 11 and Del Bo and Livan 1213 , expiessed the 
opinion that the spnal fibeis weie fiom sympathetic 01 ves- 
tibulai ongm, lemindmg us of the so-called cochleo-vestibulai 
anastomosis, descubed by Boettchei, 14 Boveio, 15 Oorth, 16 
Weston and Mesolella 1_ Consideung the external fibers, 
Held 15 and Kolmei 19 agiee on then couise and termination in 
the external acoustic cells 

Very little emphasis has been placed upon the ganglion of 
Corti and with the exception of Fort, 20 the majonty of wnteis 
place the ganglionic cells in the Rosenthal canal Wnteis 
limit themselves to the descuption of the cochleai neive as 
a bundle of axons pertaining to the ganglion of Coiti’£ bi-polai 
cells As a lule, neuioglia was found on its fust segment, 
6 to 8 mm fiom its appaient ongm 21 

Many yeais ago, Hyrtl, Stannius, Kollikei and Pienet 22 
found cells on the suiface and intei ioi of the acoustic nerve, 
and Eilisky 23 and Fort, 20 and lecently Chiaiugi, 24 descubed 
cellulai elements m the vestibulai branch of the VHIth nerve, 
ananged m gioups as in the pimcipal ganglia 

We used the cat as expeiimental animal, mtiavitally fixed 
with Rio Hortega’s ox De Castio’s foimulas The whole tem- 
poial bone was lemoved with the acoustic neive up to the 
rhombencephalon Specimens weie submitted to electiolytical 
decalcification and silvei impiegnated, by the Cajal De Castio, 
Bodian and Rio Hortega metohds Fiozen sections weie 
made from those undei Cajal De Castio and Bodian impregna¬ 
tion, and colloidan-paraffm-fast inclusion permitted us to ob¬ 
tain a complete senation from the cochleai to the lhomben- 
cephalon 

We reached the following conclusions 
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OBSERVATIONS AND CONSIDERATIONS ABOUT THE 
COCHLEAR INNERVATION OF THE CAT 

Paolo Contu, 

Umveisity of Recife, Brazil 

Incomplete anatomical bases have been the cause of many 
heaung theones, theiefoie, pioblems concerning cochleai 
mneivation aie doubtless important 

In oui laboiatoiy of Micioscopic Anatomy we aie consider¬ 
ing the cochleai neive pioblem, establishing systematic ie- 
seaich undei the most modem methods and techniques, an 
considering not only the oigan of Coiti but also the wh° e 
acoustic system 

Caieful revision of available liteiatuie demonstiates dif 
feient distribution of penphenc cochleai neive fibeis among 
man and othei mammals 

Loiente de No’s 12 classical division of neive fibeis m 
ladial, external spual, internal spnal and mtiaganglmnic 
spnal fibeis, was lately substantially modified by identi ica 
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tion of the internal spual with the mtiagangliomc spnal 
fibeis, whose leal ongins aie in the supenoi olivai peduncle, 
foimmg the so-called Rasmussen bundle 34 These fibeis aie 
dnected to the internal acoustic cells which, theiefoie, leceive 
double nerve supply, affeient and effeient 

Rasmussen's descuption was confnmed by Fernandez 5 , 
Portmann 0 , Contu and Pnodda", and Fiene deBanos 3 , while 
Bocca 910 , Palumbi 11 and Del Bo and Livan 1213 , expiessed the 
opinion that the spnal fibeis weie fiom sympathetic 01 ves- 
tibulai oiigrn, lemmdmg us of the so-called cochleo-vestibulai 
anastomosis, descubed by Boettchei , 14 Boveio , 15 Oorth , 16 
Weston and MesolellaConsideimg the external fibeis, 
Held 18 and Kolmei 19 agiee on then couise and termination in 
the external acoustic cells 

Very little emphasis has been placed upon the ganglion of 
Corti and with the exception of Fort , 20 the majonty of wiiteis 
place the ganglionic cells in the Rosenthal canal Wiiteis 
limit themselves to the descuption of the cochleai nerve as 
a bundle of axons pel taming to the ganglion of Coiti'^ bi-polai 
cells As a lule, neuioglia was found on its fust segment, 
6 to 8 mm fiom its appaient ongm 21 

Many yeais ago, Hyrtl, Stanmus, Kollikei and Pienet 22 
found cells on the suiface and intei 101 of the acoustic neive, 
and Eilisky 23 and Fort , 20 and lecently Chiaiugi , 24 descubed 
cellulai elements m the vestibulai blanch of the VUIth nerve, 
ananged in gioups as in the puncipal ganglia 

We used the cat as expenmental ammal, mtravitally fixed 
with Rio Hortega’s oi De Castro's formulas The whole tem- 
poial bone was lemoved with the acoustic neive up to the 
rhombencephalon Specimens weie submitted to electiolytical 
decalcification and silvei impiegnated, by the Cajal De Castio, 
Bodian and Rio Hortega metohds Fiozen sections weie 
made from those undei Cajal De Castio and Bodian lmpiegna- 
tion, and colloidan-paiaffm-fast inclusion permitted us to ob¬ 
tain a complete senation from the cochleai to the lhomben- 
cephalon 


We reached the following conclusions 
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OBSERVATIONS AND CONSIDERATIONS ABOUT THE 
COCHLEAR INNERVATION OF THE CAT 

Paolo Contu, 

Uxnveisity of Recife, Biazil 

Incomplete anatomical bases have been the cause of man} 
healing theones, theiefoie, problems concerning cochleai 
mneivation are doubtless important 

In oui laboratory of Micioscopic Anatomy we aie consider¬ 
ing the cochleai neive pioblem, establishing systematic i e ' 
seaich undei the most modem methods and techniques, an 
considei mg not only the 01 gan of Coi ti but also the who e 
acoustic system 

Caieful levision of available liteiatuie demonstiates dif 
feient distubution of penphenc cochleai nerve fibeis among 
man and othei mammals 

Loiente de No’s 12 classical division of neive fibe^ 
ladial, external spnal, internal spual and mtiaganghoni 
spnal fibeis, was lately substantially modified by identi ica 
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tion of the internal spnal with the mtiaganglionic spnal 
fibeis, whose leal ongins aie in the supenoi ohvai peduncle, 
foimmg the so-called Rasmussen bundle 34 These fibeis aie 
dnected to the internal acoustic cells which, theiefore, leceive 
double neive supply, affeient and effeient 

Rasmussen’s descuption was confirmed by Fernandez 5 , 
Portmann^, Contu and Pnodda", and Fiene deBanos s , while 
Bocca 910 , Palumbi 11 and Del Bo and Divan 12 * 13 , expiessed the 
opinion that the spnal fibeis weie fiom sympathetic oi ves- 
tibulai ongin, lemmdmg us of the so-called cochleo-vestibulai 
anastomosis, described by Boettchei , 14 Boveio , 15 Oorth , 16 
Weston and Mesolella 1 " Consideimg the external fibeis, 
Held 13 and Kolmei 19 agiee on then couise and termination m 
the external acoustic cells 

Veiy little emphasis has been placed upon the ganglion of 
Corti and with the exception of Fold :, 20 the majonty of wnteis 
place the ganglionic cells m the Rosenthal canal Wnteis 
limit themselves to the descuption of the cochleai nerve as 
a bundle of axons pei taming to the ganglion of Coiti’£ bi-polai 
cells As a iule, neuioglia was found on its fust segment, 
6 to 8 mm fiom its apparent ongm 21 

Many yeais ago, Hyrtl, Stanmus, Kollikei and Pienet 22 
found cells on the suiface and intei 101 of the acoustic nerve, 
and Eilisky 23 and Foil :, 20 and lecently Chiaiugi , 24 descubed 
cellulai elements m the vestibulai blanch of the VIHth nerve, 
ananged in gioups as in the puncipal ganglia 

We used the cat as expeiimental animal, mtiavitally fixed 
with Rio Hortega’s oi De Castio’s foimulas The whole tem- 
poial bone was lemoved with the acoustic neive up to the 
rhombencephalon Specimens weie submitted to electiolytical 
decalcification and silvei mipiegnated, by the Cajal De Castio, 
Bodian and Rio Hortega metohds Fiozen sections weie 
made fiom those undei Cajal De Castio and Bodian lmpiegna- 
tion, and colloidan-paiaffm-fast inclusion permitted us to ob¬ 
tain a complete seiiation from the cochleai to the ihomben- 
cephalon 


We leached the following conclusions 



586 


INTERNATIONAL CONFERENCE ON AUDIOLOGY 


sua Analogia con le Cellule di Schwann Riv Pat Xerv Kent, 52 l3o, 
1938 

21 Baibati, A Morfologia e Struttura del Gliociti Bioloptca Lahna, 
2 600, 1960 

22 Cc^tu, P Ricerche sulla Glioaichitettonica dei Vertebrati Mam 
miferl Arch Ital Anat e Embr , 59 2 1953 

23 Peneield, W Oligodendroglia and its Relation to Classical \eu 
roglla Brain , 47 430, 1924 

24 Robertson A Microscopical Demonstration of the Normal and 
Pathological Histology of Mesoglia Cell Jour Ment Sci , Oct, 1900 

25 Bauer, K F Das Neurofibrillenbield der Menchlichen Gosliinrind 
Zeit fur Anatomie , 112, 1942 

26 Sancez Ibv:nez, and Perez, R Les Alterations Hystopatologiques 
dans l'Encefalite, Etc Trab Invest , 30, 1935 

27 Stiguani, R Esiste Divisione Cellulare della Neuroglia 7 Iperplasia 
vera o Apparente nelle Gliosi Rass BioJ , Umana, 1, 1940 

28 Lug vro, E Sulle Funzioni della Nevroglia Riv Pat Rerv e Mutt 
12 208, 1907 

29 Cardo's \ Referred to by Bairati 21 


OBSERVATIONS AND CONSIDERATIONS ABOUT THE 
COCHLEAR INNERVATION OF THE CAT 

Paolo Contu, 

Univeisity of Recife, Biazil 

Incomplete anatomical bases have been the cause of many 
heaung theones, theiefoie, pioblems concerning cochleai 
mneivation aie doubtless important 

In oui laboiatory of Micioscopic Anatomy we aie consider¬ 
ing the cochleai neive pioblem, establishing systematic ie- 
seaich undei the most modern methods and techniques, an 
considenng not only the oigan of Corti but also the whoe 
acoustic system 

Caieful levision of available liteiatuie demonstiates dif 
feient distubution of penphenc cochleai nerve fibeis am° n £> 
man and othei mammals 

Loiente de No's 12 classical division of neive fibeis m 
ladial, external spual, internal spnal and mtiagangh 0111 ^ 
spual fibeis, was lately substantially modified by identi ica 
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tion of the internal spnal with the intraganglionic spnal 
fibers, whose leal ongms axe in the supenoi olivai peduncle, 
forming the so-called Rasmussen bundle 3 4 These fibers are 
dnected to the internal acoustic cells which, theiefoie, xeceive 
double neive supply, affeient and effeient 

Rasmussen's descuption was confnmed by Fernandez 5 , 
Portmann 0 , Contu and Puodda", and Fiene deBairos 8 , while 
Bocca 910 , Palumbi 11 and Del Bo and Livan 1213 , expiessed the 
opinion that the spnal fibeis weie fiom sympathetic or ves- 
tibulai ongm, lemmding us of the so-called cochleo-vestibulai 
anastomosis, described by Boettchei , 14 Boveio , 15 Oorth , 10 
Weston and Mesolella 1- Considering the external fibeis, 
Held 18 and Kolmei 19 agiee on then couise and termination m 
the external acoustic cells 

Veiy little emphasis has been placed upon the ganglion of 
Corti and with the exception of Fort , 20 the majority of wnteis 
place the ganglionic cells in the Rosenthal canal Wnteis 
limit themselves to the descuption of the cochlear nerve as 
a bundle of axons pertaining to the ganglion of Corti’g bi-polar 
cells As a rule, neuioglia was found on its first segment, 
6 to 8 mm fiom its apparent ongm 21 

Many years ago, Hyrtl, Stannius, Kollikei and Pierret 22 
found cells on the surface and intei 101 of the acoustic nerve, 
and Erlisky 23 and Fort , 20 and lecently Chiarugi , 24 desciibed 
cellular elements in the vestibulai blanch of the VUIth nerve, 
arranged in gioups as in the principal ganglia 

We used the cat as expenmental animal, mtravitally fixed 
with Rio Hortega's oi De Castio’s formulas The whole tem- 
poial bone was lemoved with the acoustic nerve up to the 
rhombencephalon Specimens were submitted to electiolytical 
decalcification and silver impregnated, by the Cajal De Castro, 
Bodian and Rio Hortega metohds Fiozen sections were 
made from those undei Cajal De Castio and Bodian impregna¬ 
tion, and colloidan-paiaffm-fast inclusion permitted us to ob¬ 
tain a complete senation from the cochlea! to the rhomben¬ 
cephalon 

We reached the following conclusions 
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sua Analogia con le Cellule di Schwann. Riv Pat Xetv Aleut , 52 135, 
1938 

21 Baibati, A Morfologia e Struttura del Gllocitl Biologlca Latina , 
2 600, 1950 

22 Coattj, P Ricerche sulla Glioarchitettonlca dei Vertebrati JIam 
mileri Arch ItaJ Anat e Enibr, 59 2 1953 

23 Peneield, W Oligodendroglia and its Relation to Classical Yeu 
roglia Brain, 47 430, 1924 

24 Robertson A Microscopical Demonstration of the Normal and 
Pathological Histology of Mesoglia Cell Jour Aleut Sci, Oct, 1900 

25 Baueb, K F Das Neurofibrillenbield der Menchlichen Goshinrind 
Zeit fur Anatomic, 112, 1942 

26 Sancez Ibaaez, and Perez, R Les Alterations Hystopatologiques 
dans l’Encefalite, Etc Trab Invest 30, 1935 

27 Stigliant, R Esiste Divisione Cellulare della Neuroglia 9 Iperplasia 
vera o Apparente nelle Gliosi Bass Biol, Umana, 1, 1940 

28 Lugabo, E Sulle Funzioni della Nevroglia Riv Pat Nerv e Atent, 
12 208 1907 

29 Cardoaa Referred to by Bairatl a 

OBSERVATIONS AND CONSIDERATIONS ABOUT THE 
COCHLEAR INNERVATION OF THE CAT 

Paolo Contu, 

Univeisity of Recife, Biazil 

Incomplete anatomical bases have been the cause of many 
healing - theones, theiefoie, pioblems concerning cochleai 
innervation aie doubtless important 

In oui laboratory of Micioscopic Anatomy we aie considei- 
mg the cochleai neive pioblem, establishing systematic ie- 
seaich undei the most modem methods and techniques, and 
considering not only the oigan of Coiti but also the whole 
acoustic system 

Caieful levision of available liteiatuie demonstiates dif- 
feient distubution of pen phene cochleai neive fibeis among 
man and othei mammals 

Loiente de No’s 1 - classical division of neive fibers in 
ladial, external spnal, internal spnal and intraganglionic 
spual fibeis, was lately substantially modified by identifica- 
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3 The Rasmussen bundle is veiy evident on the base of the 
lamina espnalis, its fibeis composing* the internal spnal fibeis, 
a continuation of the mtiaganghonic ones As pieviously 
demonstiated by Fernandez, they do not exclusively innexvate 
the internal acoustic cells, but many turn backwaids to the 
sustaining cells and fiom theie aie dnected to the base of 
the limbus espnalis Poitmann 25 alieady descubed neivous 
fibeis of sensitive aspect m the limbus laminae espiralis 



Fig 2 

(\)—Medial fibers. 

(B) and (C)—Basilar fibers passing through the gnllerj of Cortl 

(Cajal-De Castro Alethod—Enl 500X) 

U Some of the spnal fibeis of the galleiy weie found 
going to the apex, and some to the lound window, as demon¬ 
strated by Feniandez In oui specimens, compact gioups 
of fibeis coming out of the fmamma weie seen, penetiatmg 
ladially the gallery of Corti, in whose centei they weie dis- 
tubuted biushltke Some of those fibeis aie dnected to the 
external acoustic cells, whose neivous foimations could not be 
followed Some blanches weie found leaching the sustaining 
cells and the sulcus laminae espnalis Held 13 attubutes the 
inneivation of the internal acoustic cells to these 

5 With the Rio Hortega, in some celloidm sections we 
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1 Oui findings confirm the majonty of those pieviously 
leached, mainly those of Kolmei, on the neive supply of the 
external acoustic cells The diffeient fibeis form the external 
spnal bundles of the 1st, 2nd, 3id and 4th oideis, piogies- 
sively deci easing aie the continuation of the ladial fibeis 
ansmg fiom the lamina espnalis, lunning ladially to the 
galleiy of Coiti, and considering their pai*ticulai topogiaph- 
ical anangement, would be bettei called “spuo-iadial fibeis” 



Fig- 1 

Section of the organ of CortI uith the external spiral bundles nx , 

(Cajal-De Castro Method—Enl 500 x; 


2 The fibeis that come fiom the habenula go to the ex¬ 
ternal acoustic cells thiough the galleiy of Corti by the flooi 
oi the top, justifying the pievious denomination of basilai 
and medial The basilai fibeis leach the acoustic external 
cells, aftei passing thiough the Deiteis cells, as well as the 
medial fibeis This is cleaily confumed by Fernandez s 
topogiaphical distubution of the medial and basilai fibeis 
Both aie found along the whole length of the galleiy, but the 
medial fibeis aie found m gieatei numbei in the basal turn, 
and aie giadually leplaced by the basilai fibeis that aie 
flankly piedommant in the apex 
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found pyufoim nerve cells of the pseudo-um-polai type, on 
the vestibulai wall, with one axon duected lateially to the 
base of attachment of the Reisnei ligament and of the tec¬ 
torial membiane, the othei, to the sulcus and base of the 
limbus espnalis One isolated element of bi-polai type was 
also found 



i 



Fig: 5 

(A) —Vestibular wall of the Llrabus Espiralis with pseudo-uni-polar 

cells (Del Rio Hortegra Method—Enl 150X) 

(B) —Idem 

(C) —Vestibular wall of the Limbus Espiralis with bl-polar cells. 

(Del Rio Hortega Alethod—Enl 5G0X) 

6 Partially confirming and completing Fort’s pievious 
description, we assumed m 1956-*' that the cells of the gan¬ 
glion of Corti are not stiictly localized m the Rosenthal’s spnal 
canal There is a giadual diminishing of the eellulai elements 
starting fiom the spiral canal to the axis of the modiolus 
The ganglionic cells do not remain m the Rosenthal canal, 
wheie they are grouped mainly in the medial and internal 
portion, but as a mattei of fact, are seen along the descending 
canals of the modiolus, essentially m the pioximal portion of 
each canal, and they should not be consideied only similai to 
the cells at the ganglion of Coiti but also as migiated cells, 
and therfoie, as a part of it 


F is 3 


(A)—Spiral ganglion 
-Rasmussen spiral-bundle 


On the left transversally sectioned fibers 
(Bodlan Method—Enl 


(B) Bony Lamina Espiralis with spiral fibers 

(Cajal-De Castro Method—Enl 


of the 
50Q\) 

500\) 


(C)’ Base of internal acoustic cells showing double nerve supply 

(Bodlan Method—Enl 500V 



F1& 4 

(Cajal-De Castro Method—-Enl 500V 


Spiral fibers of the gallery 
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7 In 1956 2 “ 2b we lepoited the existence of multi-polai nerve 
cells m the cochleai blanch of the acoustic neive Piobably 
those cells weie an external piojection of the piimary acoustic 
nuclei 

8 By the demonstiation made, the complication of the 
cochleai innervation is evident The piesence of pseudo uni- 
polai type cells in the vestibulai wall of the limbus espnalis, 
suggests the hypothesis of innervation of the tectonal mem¬ 
brane and, theiefoie, the possibility of closing a “neuionic 
aich” between that membiane and the hails of the internal 
and external acoustic cells 

SUMMARY 

Studying the cochleai innervation of the cat, the authoi, 
employing the silvei impiegnation methods of Cajal De Castio 
and Rio Hortega, aftei electiolytical de-calcification, leached 
the following conclusions 

a He agiees with Kolmei in the innervation of the external 
acoustic cells by external spual bundles of fust, second, thud, 
and fourth oideis, that by particulai topographical disposition 
would be bettei called spno-iadial bundles 

b The Rasmussen bundle is very evident, and some of its 
fibeis turn backwaids to the sustaining cells leaching the 
base of the limbus espnalis 

c The spual fibeis on the oigan of Corti aie easily identi¬ 
fied 

d In the vestibulai wall of the limbus espnalis weie found 
pseudo-umpolai cells with fibeis which were dnected to the 
base of the limbus espnalis and on the othei side to the 
tectorial membiane 

e The cells of the ganglion of Corti did not lemam cncum- 
scnbed m the Rosenthal canal, but they weie also found m 
the descending canals of the modiolus 

/ In the cochleai bianch of the acoustic nerve were found 
multi-polar cells probably originating in the primary acoustic 
nuclei 
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(A)-Ro S enthal and descending modiolar canals 

^ B ) Bi-polar-cells in a descending n.odlol^^nafH 0 Method - El11 SaX) 
(C)-Bi-polar cells in a descendIng ( modio^r cana,° Meth ° d - Enl 37iA) 

(Cajal-De Castro Method—Enl 8 o0\) 



/£J“~£. C0U3ti ?J ier ' Ve with 

(C )—Iden —(Enl 850X) 


Fier 7 

multipolar cells 


(Enl 86X) 

(Cajal-Da Castro Method) 
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Xeurologie, 1S82 
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700 703 Society Editnce Libraria Milano 1940 

25 Portm v'N n, M eC Innervation de la Bandelette Sillonn6e (Limbus 
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26 Covix P Estudo SObre Iner\acao da Cdchlea e Sobre \o\os 
Dispositivos Nervosos Na-crista da Parede Vestibular do Limbo espiral (no 
gato) Anais da Fac de Med XJniv do Recife , 16 1, 1956 

27 Coxtu P Neves Prvro, R M e Sjottos M Consideracoes sObre a 
Anatomia do ramo coclear do nervo acustico (no felis domestica) 
Anais da Fac Med Umv Recife 16 2, 1956 

2$ Comt; P Neves Pinto, R M Nota sobre a Tropografia do Ganglio 
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DC POTENTIALS OF THE MEMBRANOUS LABYRINTH 

(Abstract) * 

Catherine A Smith, 

Hallowell Davis, 

Bruce H Deatherage, 
and 

Carl F Gessert, 

Washington Univeisity, and Cential Institute foi the Deaf, 

St Louis, Mo 

The membranous labynnth of the internal eai is a closed 
epithelial tube filled with endolymph and sunounded by pen- 
lymph It is divided into compartments by local constnctions 
and dilations The cochleai duct and the saccule aie con¬ 
nected by a short naiTow duct The lattei is also separated 
fiom the utncle by anothei (mduect) tubule Pievious 
analysis of endolymph has shown it to contain 144 m eq /I of 
potassium and 16 m eq/1 of sodium, wheieas perilymph 
shows the opposite potassium-sodium latio (Smith, Lowry 
and Wu) 

The DC potentials of the cochlear duct, utncle and saccule 
of the guinea pig were measured by means of a glass pipette- 

•The full paper will be published elsewhere. 
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lenlymph and sunoundmg tissues This DC endocochleai 
lotential is thought 12 to contubute to the geneiation of the 
:ochleai miciophomc and to the associated electucal cunent 
dow that is believed to stimulate the nei ve endings 1 The 
souice of the DC potential is unknown The electiochenncal 
nechanism seems to be lathei specific and moie closely de¬ 
pendent on oxidative piocesses than is the familial negative 
ntiacellulai polanzation 4 The site of the geneiation had 
been tentatively located both in the hail cells and in the sti la 
vasculans The piesent expenments weie planned m the 
hope of deciding between han cells and stiia vasculans as the 
locus, by mjuimg the mnei eai of guinea pigs m ways which 
could be moie oi less selective The experiments actually 
yielded impoitant additional mfoimation concerning the souice 
and significance of both the cochleai miciophomc and the 
negative summating potential 

As an agent to m]uie han cells, stieptomycm, injected 
locally into the bulla, was suggested to us by Di Haiold 
Schuknecht 11 He actually made the fust thiee injections in 
the piesent senes The pioceduie dneeted at the stiia vas¬ 
cularis was extensive obstiuction of the cochleai vem and 
some of its collateials Kimuia and Peilman have descnbed 
the suigical pioceduie and the lesultmg pattern of histological 
changes m stiia vasculans and in the sensory cells ' The 
eai best changes appaiently occui in the stna and the spnal 
ligament 

We did obtain cleai diffeiential effects by these two meth¬ 
ods In each case an intei val of a few (foui to seven) days 
pioved best foi obtaining the desned degiee of change m 
electncal activity and m histological appeal ance 

The electncal l espouses measuied, as indices of the func¬ 
tional state of the oigan of Coiti, weie the cochleai micio- 
phomc (CM), the negative summating potential (SP), and 
the action potential spike (AP) CM is known to depend 
upon the han cells AP is geneiated by the neive fibeis in 
the modiolus and gives evidence of the mtegnty of the oveiall 
system of tectorial membiane, han cell, nerve ending and 
neive fibei SP, like CM, piobably ongmates in hail cells, 
but the association has not been established cleai ly To diaw 
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electiode Endolymph was withdiawn m the same pipette 
foi potassium analysis Successive measuiements made on 
the same eai showed the potential of the cochleai duct to be 
+70 to +80 mv (as descubed by von Bekesy), and that of 
the utucle, to be not moie than +5 mv The sacculai po¬ 
tential, measuied in othei animals, was similai to that of the 
utucle Endolymph fiom both utucle and cochlea had a 
high potassium content similai to that of the pievious analysis 
The high positive potential is, theiefoie, lestucted to the 
cochlea, wheieas the high potassium content appeals to be the 
same thioughout the membianous labynnth 


MODIFICATION OF COCHLEAR POTENTIALS 
PRODUCED BY STREPTOMYCIN POISONING 
AND BY EXTENSIVE VENOUS 
OBSTRUCTION *f£** 

H Davis, 

B H Deatherage, 

B Rosenblut, 

Cential Institute foi the Deaf, 

St Louis, Mo 
C Fernandez, 

R Kimura, 

Univeisity of Chicago, 

Chicago, Ill, 
and 

C A Smith, 

Washington Univeisity, 

St Louis, Mo 


introduction 

The endolymph m scala media of the guinea pig cochlea 
shows a positive DC potential of about 80 mv lelative to the 

♦Prepared under Contract N^onr 272 between Central Institute for tbo 
Deaf and the Office of Naval Research . 

tSupported in part bv research grant No B-9G6 (C) from the Vit on 
Institute of Neurological Diseases and Blindness Public Health acr h 
JReproduction In whole or in part is permitted for any purpose of 
United States Goternment 

** Vssisted b> U S Public Health Service Grant B-6S0 
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collaterals was earned out by R K at the Umveisity of 
Chicago The method, the lesultmg symptoms and the usual 
histological changes have been desenbed elsewheie' The 
annuals were transported to St Louis and tested at mteivals 
langmg fiom five days to 28 days The most satisfactoiy 
degiees of partial injury weie found five to eight days post- 
opeiatively 

Both the streptomycin and the venous-congestion animals 
A\eie piepaied foi final test by oui usual methods 13 Dial in 
methane 0 5 cc pei kilo was given mtiapentoneally Raiely, 
a small supplementaly dose was required The tieated coch¬ 
lea was exposed by opening the bulla and two fine, enamel- 
insulated mclnome-steel wnes (25/i) weie mtioduced tluough 
small holes dulled into scala vestibuli and scala tympam 
lespectively 3 to 4 mm from the lound wmdow Between 
these electiodes a fenestia was made thiough the bony shell 
of the cochlea to expose the spnal ligament behind the stua 
vasculans A chlonded silvei electiode, wrapped m linger - 
soaked cotton to avoid dnect contact with the body fluids, was 
inserted undei the skm at the edge of the wound and, m most 
experiments, an eai speculum that fitted snugly the output 
tube of a calibrated sound source 3 was sewed tightly into the 
external auditory canal 

The first four streptomycin animals weie simply placed 
at a standaid distance m fiont of an open loud-speakei and 
tested qualitatively with 9000 c p s tone buists, but it was 
soon found that stiongei acoustic stimuli weie needed The 
closed, calibrated system, capable of delivering ovei 135 db 
SPL at the test frequency of 7000 c p s , was employed there¬ 
after, and all sound piessuie levels readings are collected to 
a position just m fiont of the tympanic membrane 

As a standaid acoustic stimulus we employed a 7000 cp s 
tone-burst with a 1 msec use time and 1 msec fall time The 
sound level remained constant foi 4 (oi sometimes 6) msec 
This inteival was long enough to allow easy recognition of 
SP but too short foi echoes in the acoustic system to confuse 
the pattern The 1 0 msec use time is the slowest that \\e 
found consistent with the good synchronization of nerve 
impulses that is necessary foi a sharp “N, spike ” 
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fnm conclusions, theiefoie, we seek piimanly a 1 elation be¬ 
tween CM lesponse and the positive DC lestmg potential of 
scala media under vaiying degiees of injury inflicted bv the 
two diffeient methods Secondly, we seek the 1 elation be¬ 
tween depression of electucal activity and any histological 
changes that can be demonstiated in paiticulai types of cell 
Finally, the lelationships among the vanous electnc le- 
sponses aie of gieat inteiest m then own light, as tlie\ 
indicate possible mechanisms 01 functional lelationships 

METHODS 

Stieptomycm sulfate, m doses of 0 1 to 1 0 gm dissolved 
m distilled watei, was injected into one bulla of each of 26 
guinea pigs The volume of fluid injected was usually about 
0 2 cc The hypodeimic needle was at fust foiced thiough 
the wall of the bulla oi thiough the tympanic membiane It 
pioved moie satisfactory, howevei, to expose the bone of the 
bulla m a pielirmnaiy opeiation and to dull one hole foi the 
hypodeimic needle and anothei to allow escape of an Even 
so, some fluid may have been lost thiough the Eustachian 
tube befoie the diug was entnely absoibed, so that the exact 
dosages weie unceitam 

A time intei val of foui to seven days between injection and 
test was convenient and sufficient Longei mteivals in- 
ci eased the chances of complications, such as otitis media and 
foimation of adhesions, and tended to give moie mjuiy to 
the cochlea than was desned 

Piactically all 22 of the animals successfully injected and 
earned to acute expel iment, showed signs of umlateial ves- 
tibulai deficit, such as nystagmus and a head postuie with 
lotation aiound the long axis, duung the fust two days of the 
intei val 

At the final expei iment the bulla usually contained some 
mucoid oi seious blood-stained fluid, and the mucosa was 
often thickened and vasculai lzed, but the tympanic mem¬ 
brane was intact and, aftei the bulla had been swabbed out, 
the ossicles weie usually fieelv movable 

Suigieal obstiuction of the cochleai vein and some of its 
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cliameal stiffness, and ability to penetiate spnal ligament 
and stiuctmes beneath it without undue injury Details of 
the constiuction of the pipette-electiode, its camei and the 
associated DC amplifiei aie given elsewheie 12 Measuiements 
weie made on the face of an oscilloscope with the help of an 
internally illuminated lucite scale A moving-film record 
of the movements of the oscilloscope spot during insertion 
and withdrawal of the pipette was made as loutme but was 
actually used only to lesolve doubts as to diiect scale read¬ 
ings when the changes weie unusually complicated or rapid 
The silver electrodes weie fleshly chlonded each day 

Just befoie penetiation the amplifier was always balanced 
to give zero reading while the tip of the pipette was im¬ 
mersed in the film of fluid ovei the spnal ligament A zeio 
reading was also taken again aftei withdrawal but just 
befoie breaking contact Tins final reading usually agieed 
within dz 1 mv with the ongmal The pipette was advanced 
bv steps until furthei advance gave no furthei mciease m 
DC potential In a few cases the last advance caused a fall 
m the measuied potential, piesuraably due to penetration of 
Reissnei’s membrane Only laiely did we fail to encountei 
a legion of strong positive DC potential on the fust attempt 
Always when the maximum was less than +30 mv and 
sometimes, as a contiol, in othei experiments a second and 
even a third penetration was made m a slightly diffeient 
position or dnection Actually, if a potential ovei 30 mv 
had been encounteied on the fust trial no lnghei potential 
was found on any latei trial, and usually the voltage was 
the same oi a few millivolts less 

As contiol values foi DC measuiements made m the basal 
turn by the above method we employed nine initial measuie¬ 
ments made m another senes of experiments that involved 
subsequent chemical injections into scala media or scala 
tympani 5 These expenments overlapped the present senes 
m time 

Noimal tinesholds and input-output curves were determined 
m a senes of lb experiments that will be descnbed m detail 
elsewhere The procedures were identical with those of the 
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Complete input-output functions foi cochleai miciophomcs, 
action potential and negative summatmg potential weie 
plotted fiom measuiements made of standing wave patterns 
on the face of the oscilloscope The lesults aie expiessed as 
miciovolts DC displacement fiom the testing baseline foi the 
summatmg potential, as miciovolts peak-to-peak foi the coch¬ 
lear miciophonic and as miciovolts lelative to the baseline of 
the fust wave (NJ m the action potential lesponse CM and 
SP weie both measuied as voltage diffeience between scala 
vestibuli and scala tympani AP Avas lecoided between the 
null pomt (foi CM) on a lesistance connected between the 
scala vestibuli and the scala tympam electiodes and the neck 
electiode Adjustment of the vanable lesistances in the net- 
woik effectively eliminated CM potentials fiom the AP trace 
and vice veisa 13 


With these electiode positions the AP is lecoided as the 
impulses entei the internal auditory meatus, and the spike 
lepiesents the impulses m all fibeis that aie activated within 
the fust millisecond, regaidless of the point of ongm m the 
cochlea The CM and SP lesponses and the lestmg DC polaii- 
zation, howevei, aie chiefly those geneiated within one 01 two 
mm of the position of the electiodes The contilbution fiom 
distant points falls off lapidly with the distance 1314 The 
attenuation of CM with distance may be even moie rapid 
than foi the DC potentials because of capacitative conduction 
acioss the walls of the scala media The locus of maximal 
amplitude of displacement of the cochleai partition at 7000 
c p s is only slightly apical fiom the position of the lecording 
electiodes 1213 so both CM and SP aie lecoided efficiently 


Aftei leeoidmg the input-output data, we measuied the 
DC potential of the intei 101 of scala media lelative to the 
outei surface of the spnal ligament The head of the anima 
had been clamped fnmly in a standaidized position A micio- 
pipette electiode was now advanced into the scala media by 
means of a micio-mampulatoi Visual conti ol was main¬ 
tained thiough a bmoculai dissecting micioscope (20v 
Pipettes about 15 n outside diametei filled with 0 85 pei cen 
Na Cl solution gave a good compromise among the factois o 
simplicity of piepaiation, low enough ohmic lesistance, me- 
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geneiated within one 01 at the most a very few millimeteis 
The condition of stiuctuies thiee to foui ram fiom the lound 
window is cutical, while the condition of cells in the apical 
turns is melevant foi the intei pi etation of oui electucal 
tests except foi the action potentials pioduced by “remote 
lesponse ” 6 The histological findings and also the lesults of 
oui electucal measurements aie summaiized in Table I 

In the stieptomycm senes, the mildest degiee of injury 
to the hail cells was a slight pyknosis and shnnkage of the 
external han cells m the lowei half of the basal turn All 
but one of these eais, howevei, showed complete loss of the 
external hail cells up to, 01 neaily up to, the position of the 
lecoidmg electiodes The mnei han cells neai the electrodes 
weie sometimes piesent and appaiently noimal in appeal ance 
(see Fig 1) In othei cases the nuclei weie pyknotic and 
fiequently displaced, and, m the most seveiely mjuied eais, 
the internal hail cells as Avell as the external han cells (see 
Fig 2), and sometimes the supporting stiuctuies also, dis- 
appeaied entnely 

The changes m the stna vasculans w r eie much less than 
those m the oigan of Coiti The most seveie change was a 
shnnkage of cells with some edema appealing between oi 
behind them (see Fig 3) Theie was no geneial cellulai 
degenei ation 

Changes in the stna and also changes in the han cells 
v r eie not necessanly continuously giaded but might vary 
niegularly fiom section to section Wheieas all of the eais 
in the senes showed definite changes in the external hair 
cells, only six showed lecognizable changes m stna vasculans, 
and only one of these showed injury in the stna that extended 
thioughout the length of the cochlea 

In the seven most seveiely poisoned eais the suppoitmg 
cells of the oigan of Coiti had also degeneiated Sometimes 
they still formed a continuous layei (1072, 1078, 1090, 1108) 
but m otheis theie weie baie patches on the basilai mem- 
biane (1073, 1089) In the most advanced cases (1071, 1089) 
leplacement of the degenerated supporting cells by squamous 
epithelium had begun but was not yet complete In the 
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present senes except that no fenestia was made in the basal 
turn, and sometimes a second pan of lecoiding electrodes was 
placed m the thud turn 

At the end of the acoustical and electi ical tests the animals 
weie perfused with isotonic sodium chlonde solution mtio- 
duced into the aorta Aftei exsangumation the animal was 
peifused with Heidenhain-Susa solution and the head 01 
the tempoial bones piepaied foi histological study by loutine 
methods The heads of the animals with venous obstiuction, 
studied by C F at the Univeisity of Chicago, weie sectioned 
as a whole through both cochleas symmetncally 7 This method 
of cutting lequnes caieful onentation m the miciotome to 
obtain mid-modiolai sections of both cochleas at once, but 
allows close immediate companson between tlie opeiated 
and the opposite noimal eai 

RESULTS HISTOLOGICAL 


St) eptomycm 

The mjunous effects of sti eptomycm vaned accoiding to 
the dosage employed, the numbei of days elapsed following 
the dosage, the type of tissue, and the distance fiom the 
lound window The lelationships of mjuiy to size of dose 
and to duiation following the injection weie not examine 
closely because it was obvious that only slight conelations 
exist within the lange of dosage lepiesented in oui experi¬ 
ments The external hau cells aie the most vulneiable cels 
The suppoitmg stiuctuies of the oigan of Corti and the in¬ 
ternal hau cells aie fanly vulneiable, the stua vasculans is 
affected only slightly, and Reissnei’s membiane, the basilar 
membiane, sulcus cells and limbus aie veiy slightly affecte , 
if at all A gradation of effect away fiom the lound windon 
is veiy cleai and seems to establish beyond doubt the l0U ^ 
of enhance of the sti eptomycm, namely thiough the ioun 
window membiane 

The eais studied m this senes weie examined both with 
lelation to the extent lengthwise of the mjuiy and to tie 
seventy of mjuiy in the legion of the fenestia As note 
above, oui electi ode system is sensitive to CM, SP and D 
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se\ eiely affected eais some degeneiation appealed m the 
limbus also, and the internal and external spnal sulcus cells 
weie lost 

In one eai (1125) the coclileai duct was collapsed and 
Reissnei’s membiane lay closely against the stiia vasculans 
ovei the gieatei part, although not quite all, of its width All 



Fig- L Degeneration of external hair cells in streptom\ cln poisoning 
Internal hair cell present in fair condition. Stria \ascularis 13 normal 
DC potential —SI m\ See Fig 10 for input-output cunes (Guinea 
pig 109T) 


of the vestibulai membianous labynnth was likewise col¬ 
lapsed in this ear, even the semicirculai canals 

In some prepaiations Reissnei’s membiane bulged some¬ 
what into stria vasculans, eithei locally 01 tlnoughout the 
cochlea, but we attribute tins bulging to artifacts of fixation 

With the exception of animal 1107 no neuial injury was 
observed, eitliei to the nei\e fibeis 01 to the ganglion cells, 
unless the animal had suivived at least six days aftei the 
injection Aftei the sixth day the amount and seventy of 
mjuiy to neive tissues seems to con elate quite dnectly with 
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FIs 3 Allld Injury of stria \asculnris in streptomycin poisoning the 
most se\ ere in the entire series DC potential +oS ni\ (Guinea pig- 1107) 






^ F ** . DeKeneratlon of both external and Internal hair cells In strepto 
no cln poisoning Supporting cells present but ubnormul Stria vascular! 
» 1 ?P r i tT1 ?' I ~ > Fo,tl ing of baallar membrane la a fixation artifact DC, 110 
tentlal ~f <J m\ See Fig 12 for input-output curves (Guinea pig 1108) 
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3 Atiophy of some cells but not moie than 50 pel cent 

U Moie than 50 pei cent of cells atrophic, usually accom¬ 
panied by neciosis 

5 Almost, complete neciosis (Complete neciosis of stiia 
vasculaiis was not seen m this senes ) 

Giades 1 and 2 aie charactenstic of the streptomycin senes 
The changes occuned usually neai Reissner’s membrane oi 
the spnal piommence wheie a few cells might be degenerated 



Fig 4 Degeneration of atria vascularis Grade 5 •with normal hair 
cells and other structures of the organ of Corti DC potential +17 m\ 
See Fig 9 for input-output curves (Guinea pig 1121) 


oi sloughed off These degiees of injury appeal compatible 
with normal function Giades 4 and 5 weie seen only m the 
venous obstiuction animals, in six of which the stiia vas¬ 
culaiis was mjuied moie severely than in any stieptomycm 
animal With such mjunes normal function would be very 
impiobable oi impossible The atiophy, when piesent, tended 
to be localized neai the lound window while the neciosis was 
usually quite extensive In Table I the numbers indicate the 
degiee of injury at the position of the electiodes 
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the amount of mjuiy to the han cells It seems leasonable 
to suppose, theiefoie, that the mjuiy to neive tissues is not 
piimaiy but is secondaiy to degeneiation of the hau cells 

Extensive Venous Obstimction 


Satisfactoiy histological piepaiations weie made of the 
cochleas with extensive chiomc venous obstiuction In gen 
eial the effects weie moie seveie in the animals studied with 
in eight days following the opeiation Recovery appaiently 
occuned aftei establishment of collateial cnculation unless, 
as m some cases not studied electrically, part of the cochlea 
degeneiated completely 


The histological changes weie always most seveie m the 
immediate neighboihood of the lound window The apical 
turns appealed quite noimal and, just as with the stiepto- 
mycm poisoning, the electiodes in seveial cases weie placed 
m or veiy close to a zone of lapid tiansition fiom "neaily 
noimal” to "cleaily abnormal” tissues Unfortunately, this 
gradation of mjuiy makes mfeiences as to the 1 elation of 
electucal potentials to paiticulai stiuctuies less secuie than 
we had hoped 


The tissue most seveiely affected by venous obstiuction 
was the stua vasculans Next in oidei came external hair 
cells, the spnal ligament, and the supporting stiuctuies of 
the oigan of Coiti Slight hemonhages into the penlymphatic 
spaces weie fiequent Othei tissues weie not affected 


The obvious changes m the stua vasculans weie « a ^' 
lophy of the epithelium fiom the noimal pseudostiatified 
columnai to a simple cuboidal epithelium, b thiombosis o 1 
absence of the blood vessels, and c sometimes a detachment of 
whole cells 01 extiusion of pigment gianules (see Figs 4, 5) 


In Table I the degiee of mjuiy to the stua vascularis is 
coded as follows 


1 Some slight changes in a few cells 

2 Most cells shi unken with some edema between oi be' 
hind them, but no geneial cellulai degeneiation 
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With venous obstruction the changes in the hail cells were 
pyknosis 01 total absence of nuclei In the spnal ligament 
nuclei weie sometimes missing, and scatteled maciophages 
appealed All of these changes and then distribution aie 
similai to those alieady descubed elsewheie ~ 

In one eai (1116) with normal han cells and only local 
degeneiation of stua vasculans neai the lound window, 
Reissnei’s membrane was paitially collapsed In anothei, 
with noimal hail cells and a local legion of mild degeneiation 
of the stua, Reissnei’s membiane was tom fiom lound win¬ 
dow to the thud turn The electucal 1 espouses of this coch¬ 
lea weie emphatically noimal (1117) and the damage is 
inteipieted as an artifact Theie weie no othei suggestions 
of abnoimalities of hydiostatic piessuie 

The cochleai aqueduct was not normally enteied dui mg the 
opeiation pioducmg obstruction of the cochleai vein, but 
histological examination showed that it had been blocked m 
five expei iments (1103, 1104, 1115, 1118 and 1119) In none 
of these, howevei, was theie any abnoimality of stiuctuie oi 
electucal lesponse that could be attributed to the blockage 
Animals 1115 and 1118, with suivivals of foui and thiee 
weeks, showed blockage of the aqueduct with new bone foima- 
tion but they also had normal histology and electnc i espouses 
This is cleai evidence that the cochleai aqueduct is “dispen¬ 
sable” m the guinea pig 

RESULTS AND INFERENCES ELECTRICAL 
Endocochleai DC Potential 

The endocochleai DC potential of nine normal contiols 
langed fiom +64 to +90 mv The mean, the median and the 
mode of this gioup weie all +77 mv The distnbution was 
noimal m foim as fai as one can tell with such a small 
sample 

The eais injected with stieptomycm divided cleaily into 
two gioups In thiee animals (1071, 1073 and 1089) the 
endocochleai potential was 10 mv or less Fiom none of 
these thiee eais was any electrical lesponse (CM, SP oi AP) 
obtained with 9000 cps tone buists at 65 db above the 
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Flf? 5 Atrophj and necrosis at stria \asculnris Grade a j . , (1 i 

cells present External hair cells mostl} absent DC potential t 
(Guinei pit 1120) 
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the lowest DC potential m the stieptomycm senes (+58 mv ) 
showed the most definite and widespread injury in the stna 
vasculans (see Fig 3) The mjuiy was not seveie, howevei, 
m companson with those pioduced by venous congestion 

The other eais showed noimal DC potentials with varying 
degiees of elevation of then CM "threshold” 
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Fig 6 Distribution of endocochlear potentials with respect to cochlear 
microphonics. The large X Indicates the median \alues of two groups of 
normal ears 


Obviously, the DC potential can exist quite independently 
of the external hail cells and the CM response, but a normal 
oi neaily normal stna vasculans is always piesent 

The ten eais in which venous obstruction was pioduced 
divide into thiee gioups with lespect to then DC potentials 
Foui weie within normal limits, although all ten weie below 
the control median Two (1120 and 1121) weie gieatly de- 
pi essed, while the othei four showed intermediate, model ately 
depiessed potentials The foui best eais had all been ob- 
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1101 mal thieshold In all thiee the han cells weie absent m 
all turns, and the entne oigan of Coiti showed seveie degen- 
eiatxon in the fust turn In 1073 and 1089 theie weie bare 
patches of basilai membiane, and m 1071 a veiy thin squam¬ 
ous epithelium had almost, but not entnely, leplaced it The 
stua vasculans, howevei, showed only the mildest degiee of 
abnoimality m patches heie and theie 

These thiee eais do not help to identify the geneiatoi of 
the DC potential The potential may have been low because 
the geneiatoi m the oigan of Corti was destioyed, oi else 
because an intact geneiatoi in stua vasculans was short¬ 
en cuited by a low-i esistance pathway thiough denuded oi 
incompletely coveied basilai membiane The basilai mem- 
biane and the mesothelial cells on its tympanic suiface alone 
do not senously obstiuct the movement of ions 11 The elec- 
tucal bamei is the oigan of Coiti, the cells of Claudius and 
the sulcus cells 12 

The othei 19 stieptomycm-tieated eais aie moie decisive 
All showed noimal oi neaily noimal endocochleai DC po¬ 
tentials Only thiee, at +58, +60 and +62 mv, lay below 
+ 64 mv, the lowest of oui nine conti ols Foui showed 
potentials highei than +90 mv , the highest contiol The en¬ 
tile distubution is shown giaphically m Fig 6 Heie tie 
abscissa is the “thieshold” of the cochleai miciophonic ie- 
sponse We shall see below that the voltage of the nucio- 
phonic con elates veiy closely with the degiee of mjuiy to 
the external han cells 

In 1108 a questionable CM i espouse was seen, but only at 
129 db SPL All han cells, exteinal and inteinal, weie ab¬ 
sent m Tuin I, but DC was +73 mv Stua vaseulaiis was 
noimal In 1096 a doubtful CM appealed at 113 db SPL 
han cells weie missing m all turns but the DC was +60 nn 
Again stua vaseulaiis was noimal The two eais (10 -> 
1078) that showed the highest DC potentials, +92 and + 5 
mv , gave no CM, SP oi AP at 100 db SPL (9000 c p s buist)^ 
The han cells weie neaily oi completely absent in Turn lf | 
both eais Stua vaseulaiis was entnely noimal m 1072 an 
neaily so in 1078 On the othei hand the eai (1107) wi 1 
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Fig S Normal AP and nearly normal SP Input-output curves with 
slightly depressed CM from an ear poisoned with streptomycin. DC po¬ 
tential is normal 


as well as the endocochleax DC potential weie very gieatly 
1 educed The latter was only -f-15 rav The internal hair 
cells weie appaiently normal The external hail cells were 
missing, and the stua was atiophic above and neciotic below 
the position of the electrodes 

The othei depiessed eai (1121) showed neaily noimal hau 
cells, but a severe degeneiataon of stna vasculaiis from the 
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INPUT IN DB SPL 


this and subsequent graphs of input-output functions ihs 
response plotted at 3uV has sometimes been interpolated o 
extrapolated in Table I however the threshold is the threshold Q [ 
ifwSSi °* *^e response on the oscilloscope and sometimes differ* 

silfirntly from the plotted value Stimulus 7000 cps tone burst ^l tn 
I msec rise time Electrodes In the basal turn In all cases. In Guinea 
p i e ‘ A ,7 with venous obstruction the Input-output relations uere sud 
stantlally normal 


stiucted at least 15 days pieviously, and m geneial their 
electrical zesponses were all within nonnal limits except for 
a i educed CM maximum voltage m one case The histological 
findings weie also normal 

In one of the depiessed eais (1120) the electrical responses 
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show that the DC potential may be piactically noimal with 
no hair cells piesent but good stua vasculaiis, and that even 
with normal han cells it may be very low if the stua vascu¬ 
laiis is seveiely mjuied All of oui expemments aie consist¬ 
ent ivith the mtei'pi etation that the endocochleai DC potential 
is generated by the stria vascularis and not by the han cells 

The Cochlear Mici aphonic 

The form of the input-output function is very stable The 
output is hneaily pioportional to the instantaneous acoustic 
pressuie at low and moderate levels, but goes thiough a maxi¬ 
mum at a high level (Fig 7 lllustiates a noimal CM le- 
sponse cuive ) The sound pressuie levels at which the fust 
deviation fiom Imeauty appeals and at which the maximum 
is reached depend on the acoustic fiequency of the stimulus 
and on the position of the recoidmg electiodes Foi oui con- 
tiol senes the median values weie 76 and 103 db lespectively 
These levels aie so stable, even when the output voltage is 
gieatly depieseed by stieptomycm oi by venous obstiuction, 
that we weie able to mfei fiom elevated values in thiee cases 
(1099, 1104 and 1118) that there weie conductive losses of 7, 
16 and 15 db respectively Otitis media with adhesions had 
been noted at opeiation and/oi was demonstrated by micio- 
scopic examination in each case (In Table I it is the col¬ 
lected values that aie enteied ) 

From the stability of the shape of the CM lesponse curve 
and of the sound piessuie level that elicits maximal lesponse, 
even when the hair cells aie mjuied and the CM output voltage 
is i educed, we infer that the shape of the upper part of the 
CM lesponse curve is mechanically deteimined by structures 
and foices outside the hail cells 4 

A thud convenient index of CM response is the threshold 
of visibility of the CM on the oscilloscope This value agiees 
very well with the sound piessuie level that yields a 3 ^v peak- 
to-peak lesponse as determined by extrapolation from meas¬ 
urements at higher level 

The final index of CM lesponse is the maximum peak-to- 
peak output voltage Our median control value is 800 p.v 
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Fit? 9 Moderately depressed Input-output cur\ea with very 1°''L_? r 
endolymphatic potential in an ear with venous obstruction The aegenei 
ated stria vascularis and intact hair cells are shown in Flff 4 


lound window to within 1 mm of the electiodes (see Fig 4) 
The lattei weie located in a tiansition zone between seveiely 
and mildly degenerated stua The electucal lesponses (see 
Fig 9) weie definitely but only modeiately depiessed The 
DC potential, howevei, was only +17 mv 

Eai 1121 with venous obstruction, and ear 1096 in the 
stieptomycm senes, form a perfect conti astmg pair They 
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Fig 11 Input-output curves from an ear with, venous obstruction 
This ear showed the strongest AP response relative to C3I in the entire 
series. DC potential is depressed 


senes offeis many examples of this coi relation, and the ven¬ 
ous obstruction series adds thiee more 

In every case m which no external hail cells lemained 
(within thiee millimeters of the electiodes) the maximum 
CM was not more than 3 M v In these cases when a trace of 
CM remained the threshold was elevated by at least 75 db 
In othei ears, which yielded depressed CM responses five or 
ten per cent of the normal maximum, and with thiesholds 
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The values foi all foui indices foi the individual eais an£ 
foi the medians of the conti ol senes aie given in Table 1, an 
full curves aie piesented in Figs 7 to 12 foi six eais tha 
lepiesent vanous degiees of depiession of cochleai micio- 
phonic, summatmg potential and action potential 

The cochleai miciophonic has foi many yeais been at- 
tnbuted to the han cells 1 This intei pi etation is confnm e 
without exception in the piesent expenments if we confine 
the statement to the external han cells The stieptomycm 
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en hail cell with a pyknotie nucleus may generate a significant, 
though peihaps subnormal, cochleai miciophomc 

The internal hail cells, however, were normal 01 veiy 
neaily normal in appearance m all cases of venous obstiuc- 
tion In six cases of stieptomycm poisomng they were at 
least in fair condition, perhaps a little pyknotie 01 shrunken 
We can say with confidence that the contribution of the in¬ 
ternal hair cells to the CM response is at most quite small 
compared to that of the external hail cells In seveial cases 
we cannot tell whether the small lesidue of CM (five to ten 
per cent of normal maximum) came fiom good internal hair 
cells that were present near the electrode, or fiom scattered 
or shrunken external hair cells that were found a millimetei 
01 so away Numbei 1120 shows that internal hail cells can 
at least appeal normal under the micioscope without yield¬ 
ing a CM response, but this case is complicated by abnormal 
stua and low DC potential 

In summary Our evidence sti ongly suppoi ts the hypothesis 
that the external hair cells are the anatomical locus of the 
generation of the cochleai micraphoniCy and that the internal 
hair cells conti Unite little ai nothing to this response 

The Summating Potential 

SP is a DC lesponse to acoustic stimulation The mput- 
output curve of the summatmg potential is much moie van- 
able from animal to animal, and undei diffeient conditions 
m the same animal, than is the lesponse curve of the cochlear 
miciophomc SP is obseived as a displacement of the base¬ 
line of the CM m the dnection indicating that scala vestibuli 
has become more negative lelative to scala tympam (cf 9) 
A full description of the summatmg potential is m piepaia- 
tion foi publication elsewheie In general, howevei, 1 the 
threshold of detection of SP is 20 to 30 db above that of CM, 

2 the fust segment of the lesponse curve is linear, like CM, 

3 the uppei segment at sound pressuie levels above 100 db 
SPL is lelatively stable and continues to use up to destruc¬ 
tive sound piessuie levels (see Figs 7 and 8) The SP re¬ 
sponse is likely to be laigei and moie stable m the presence 
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Fig 12 Following: treatment with gtreptomvcin the first turn of this 
ear showed no local responses A typical input-output curve was obtaineu 
for the remote component alone of the AP response The degenerated 
hair cells in the basal turn are shown in Fig 2 Hair cells were stui 
present in the apical turns. The DC potential was normal 


elevated 30 db 01 moie, eithei the external hail cells weie 
badly shiunken and pyknotic in the fust turn 01 , moie usually< 
the electiodes had been placed squarely m the tiansition zone 
between absent external hail cells towaid the lound window 
and some external hail cells, peihaps with pyknotic nuclei, 
piesent within one milhmetei apically Appaiently a shiunk- 
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spite of the lathei small numbei of cases, the anatomical 
souice of the negative summating potential is the internal hair 
cells A small contribution fiom some external hail cells is 
also possible. 

Action Potentials 

The normal form and the expected vanations m the input- 
output curve foi the N x action potential spike m 1 espouse to 
a 7000 cps tone burst will be given more fully elsewheie 
Fig 7 (1117) shows a fan sample of such a curve, howevei 
It uses abruptly fiom a true threshold lesponse, and it con¬ 
tinues to use, but with varying slope, up to injurious sound 
pressuie levels Two “humps” m the curve are quite typical, 
one with its maximum neai 60 db SPL, the other about 100 
to 110 db SPL Convenient arbitrary indices of the AP 
cuive aie 1 the SPL at threshold, 2 the miciovolt lesponse 
at 57 db SPL and the miciovolt lesponse at 110 db SPL 

The selection of these two aibitiary levels is dictated m 
laige part by oui impiession that the AP lesponse curve is 
made up of thiee components, each geneiated by a sepaiate 
“population” of neuions and stimulated by a different gioup 
of sensoiy cells (cf 11) The low-intensity population, centei- 
ing at 57 db SPL, seems to depend quite closely on the 
piesence of a good CM lesponse On the othei hand, expt 
1097 (see Fig 10) is an excellent example of absence of the 
low-intensity (CM) population but a neaily normal high- 
intensity population The CM lesponse in this case is very 
small (Note that the scale is loganthmic ) On the othei 
hand the SP lesponse, which is a less sensitive mechanism, 
is neaily normal 

We believe that the neurons of the low-level population 
aie those activated by the external han cells and that the CM 
is part of the mechanism that activates them We further 
believe that the high-level population centeiing at 100 to 110 
db SPL is the gioup of neuions activated by the internal 
han cells and that SP is part of the mechanism that activates 
them This hypothesis is specifically formulated foi the le¬ 
sponse of the basal turn of the cochlea to a 7000 cps tone 
buist with a 1 msec use time, but we believe that m geneial 
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of slight injury, such as mild anoxia, holes in the cochlea, etc, 
than m fully noxmal eaxs 

Foi the piesent analysis only two indices pioved simple 
and stable enough to be useful the fust is the “8 M v tlnesh- 
oid, ie the sound piessuie level that just elicits an 8 m y 

5k oD? 0nSt? ’ and the Sp ^v°ltage at the aibitiaiy level of 110 
db SPL The values aie given m Table I 

Undei an mjuiy by eithei stieptomycin oi venous obstiuc- 
tion that ieduces CM voltage oi laises its thieshold the SP 
leraains at oi neai normal values, and sometimes (eg 1103, 
1097) it may lemain fauly piomment when the CM is gieatly 
ieduced oi almost abolished The SP follows CM m geneial, 
howevei, m its ielation, to injury to the oigan of Coiti and 
does not, m the ciucial experiments (1096 and 1121), follow 
the lestmg endocochleai DC potential m its i elation to the 
stua vasculans It appeals cleaily to be a lesponse of the 
oigan of Corti to acoustic stimulation 

The class of cell in which pathological changes con elate 
most closely with depiession of SP is the internal hail cell 
This cell is lathex moie xesistant to mjuiy by any agent we 
have used than the external hail cell SP is absent in all 
eight cases in which the mtexnal hail cells aie absent in Turn 
I It is piesent m all cases but one m which they aie piesent, 
even when they aie descnbed as “fan”, “shiunk” oi “pyknotic 
nuclei ” The quantitative coirelation is good m all but three 
cases, all of which aie m the venous obstiuction senes One 
of these (1104) was complicated by a conductive healing loss 
so that SP voltage at 110 db could not be determined, 1103 
(see Pig 11) showed a small SP, and 1120 showed no SP 
both m the presence of “normal" internal han cells In 1103 
we must postulate either paitial anoxia of the animal duiing 
the test or covert injury to the internal han cells In 1120 
(see Fig 5) theie is mdnect evidence of poor circulation in 
the distended capillanes found in stna vasculans and in un¬ 
usually extensive “hemorrhage and piecipitate" in the peri¬ 
lymphatic spaces 

We believe that in spite of these two partial exceptions that 
require additional, although plausible assumptions, and m 
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ound window, causes degeneiation fust of external, then of 
ateinal hau cells, and then of supporting cells of the oigan 
f Corti The stria vasculaus is very little affected 

2 The persistence of a noimal positive DC endocochlear 
>otential aftei stieptomycm has destioyed the hau cells 
hminates the hau cells as possible geneiatois of the DC 
jotential (It is not reasonable to attubute a DC potential 
if +70 mv oi moie in scala media m the fust turn to gen- 
siatois located in highei turns The “space constant” establ¬ 
ished by Misiahy 3 foi the scala media is too small m other 
voids, the basilar membiane and oigan of Corti aie too leaky 
dectucally to distribute the DC potential very fai along the 
lochlea away fiom the legion of its geneiation ) 

3 Extensive venous congestion, both acute and chiomc, 
iffects stua vasculaiis moie qmckly and piofoundly than 
the hau cells 

4 The systematic depression of the positive DC endo- 
cochleai potential by venous congestion supports the theory 
that the stna vasculaiis is the geneiatoi of this potential 

3 The effect of venous congestion on the cochlear micro- 
phomc, on the summatmg potential and on the action poten¬ 
tials is vanable, depending on the exact degiee of injury to 
various tissues m the neighboihood of the electiodes, particu- 
laily the hair cells 

6 The DC endocochlear potential is not necessary foi the 
generation of CM (It may, howevei, serve to make the CM 
response largei oi more sensitive ) 

7 CM is piobably the immediate stimulus to nerve fibeis 
neai thieshold, but a fanly good AP response is still possible 
with a very small CM 

8 SP is always piesent when the AP lesponse is gieatei 
than that which can be attributed to the “i emote lesponse” 
of the apical region SP, as well as CM, is probably an 
effective stimulus to nerve fibeis 

9 Internal hair cells that appear normal under ordinary 
micioscopy may not yield a significant CM response 
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the external han cell and CM aie a sensitive low-level mechan¬ 
ism, and the internal hail cells and SP aie a less sensitive 
and moie lugged high-level mechanism This hypothesis in¬ 
cidentally explains how the AP output curve can continue to 
use at levels above 105 db SPL, at which the CM output 
cuive is falling 

The final use in the AP curve is assisted by the "i emote 
lesponse” descubed eailiei by some of us 0 A tone buist at 
levels above about 80 db SPL evokes not only local move¬ 
ments of the cochleai paitition and conespondmg CM and 
SP lesponses, but also a new mechanical wave that in time- 
couise and amplitude conesponds to the envelope of the tone 
buist This is a mechanical detectoi (demodulatoi) action 
The new mechanical wave activates the apical pait of the 
cochlea that is appiopnate to its long wave length, which is 
deteimined by the use-time of the buist The lesultmg 
“lemote” action potentials fiom moie apical legions add with 
the action potentials of the neuions that innervate the fust 
turn They constitute a thud, veiy-high-level population 

Fig 12 (1108) m which all hau cells, both mnei and outei, 
weie absent in Turn I, but m which pyknotic innei and outer 
han cells weie both piesent in Turn II, is a beautiful example 
of a puie “lemote” AP lesponse curve Notice that no SP 
and only a doubtful 3 /iv CM could be detected in Turn I 

An mfeience fiom expeiiment 1108 is that the detectoi 
action that initiates the l emote wave does not involve the 
hau cells It must be a pnoi mechanical event, like the pio- 
cess that is lesponsible foi the maximum in the CM lesponse 
curve 


CONCLUSIONS 

The foiegoing obseivations on cochleas poisoned with stiep- 
tomycin oi depiessed by extensive venous congestion, taken 
in conjunction with oui pievious knowledge of the electnca 
potentials of the eai, serve to establish oi to support strongly 
the following conclusions and mteipretations 

1 Stieptomycm, when it has been absoibed by way of the 
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ACETYLCHOLINESTERASE AND THE 
OLIVO-COCHLEAR TRACT OF 
RASMUSSEN 
(Abstract) * 

Harold F Schuknecht, 

Henxy Fold Hospital, 

Detioit, Mich 

A high concentiation of acetylcholmesteiase is found on the 
neive fibers and endings of all foui lows of hau cells in the 
cat cochlea When the olivo-cochleai tiact of Rasmussen is 
cut m the brain stem, the quantity of acetylcholmesteiase 
diminshes greatly, and aftei seveial weeks disappears almost 
entnely 

•The full paper will be published elsewhere 
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10 Tlle ne #ative summatmg potential is, m geneial, moie 
lesistant to depiession by stieptomycm 01 by venous con* 
gestion than either CM oi AP 

11 Injury by eithei stieptomycm oi venous congestion 
tends to make the SP lesponse function moie legulai and 
even to mciease the negative SP response above noimal 
(This may be due to elimination of a very vulneiable positive 
SP lesponse A stiong positive SP appealed tempoianly 
dui mg a single expeiiment on acute venous congestion ) 

12 The negative SP can still be piesent m the absence of 
external hail cells SP has not been seen when internal hail 
cells aie also absent This does not exclude the possibility 
that external han cells, when piesent, may also geneiate SP, 
but the external hail cells piobably pioduce all oi neaily all 
of CM, and the internal han cells piobably pioduce all oi 
neaily all of negative SP (The external hail cells aie the 
most piobable source of positive SP, because both positive SP 
and the external han cells aie highly vulneiable to injury) 

13 The position of the maximum CM lesponse on the in¬ 
tensity axis lemains fLxed m spite of injury by eithei stiepto 
mycm oi by venous congestion This stiongly indicates that 
the maximum m the CM lesponse, and piobably also “bleaks” 
m the SP input-output cuives, aie almost certainly conti oiled 
by physical (acoustical oi mechanical) factois pnoi to the 
bending of hans of the sensoiy cells 
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APPLICATIONS AND LIMITATIONS OF AUDITORY 
TESTS IN SURGERY OF THE STAPES 
(Abstract) 

Samuel. Rosen, 

Mount Sinai Hospital, 

New Yoik, N Y , 
and 

Moe Bergman, 

Huntei College, 

New Yoik, N Y 

The lelative sensitivity tluesholds of healing by air con¬ 
duction and bone conduction, the so-called an-bone gap, 
seem to be the most meaningful audiologic cuteiion foi the 
selection of cases foi stapes suigery In geneial, the amount 
of heaung loss does not entei ciitically into the decision to 
opeiate, if theie is a sigmf leant an-bone gap Othei audio¬ 
logic measuies, such as the disci lmmation scoie and tests 
foi leciuitment give useful mfoimation but, m the piesence 
of a significant an-bone gap do not substantially influence 
the decision foi 01 against suigery 

A technique foi detei mining the degiee of fixation of the 
stapedial footplate, a quantitative Gelle, was descubed It is 
the authoi’s expenence that such tests aie useful only if they 
can definitely establish whether the footplate is 01 is not 
fixed at all While the less ngidly fixed footplate appaiently 
can be moie easily mobilized, stapes suigery is indicated 
even in the case of a ngidly fixed stapes, since a fenestia 
ovahs can be made thiough the footplate 

Questions weie laised about the necessity of maintaining 
an intact ossicular chain foi the surgical lemoval of the an- 
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NEURALLY ISOLATED COCHLEA 
(Abstract) * 

Karl Lowy 
and 

Arnold A Gerall, 

Umveisity of Rochestei, 

Rochestei, New Yoik 

Sectioning of the auditory neive in the anesthetized cat 
abolishes 01 gieatly leduces the Pl-component of the neural 
click lesponse This obseivation re-opens the pioblem of 
the ongin of the seveial paits of the click lesponse Expen- 
ments to deteimine the natuie of these components weie 
undertaken and weie leported 

*The full paper will be published, elsewhere 
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bone gap, and a case was shown wheie, despite the fiactuie 
and lemoval of the ciuia, the post-opeiative healing was 
bettei than noimal It appeals that theie is not yet a pie- 
dictable lelationship between the pie-opeiative healing test 
findings and the degree of heaung improvement aclneved 
thiough stapes suigeiy 


THE ACOUSTIC PROBE AND THE DETERMINATION 
OF STAPEDIAL FIXATION 

Otto H Meurman, 

Univeisity of Helsinki, Finland 

In the Febiuaiy issue of Acta Otolai yngologica, 1957, I 
published a leport on the use of an acoustic piobe foi detei- 
mmation of the degiee of stapedial fixation The piesent 
papei is based, m the mam, on the same clinical measuie- 
ments and some additional technical studies 

The woik was undertaken to discovei the possible value of 
the acoustic piobe in studying the mobility of the ossicular 
chain pi 101 to mobilization, and in particulai to deteimine 
whethei the stapes is ngidly, oi only slightly, fixed to the 
oval window The puie tone audiogiam mostly piovides in¬ 
formation as to whethei the stapes is mobile oi immobile 
Audiometnc studies, howevei, do not leveal the degiee of 
fixation 


ACOUSTIC PROPERTIES OF THE PROBE 

Foi the clinical experiments an acoustic piobe was used, 
consisting of an ordinary eai piobe attached to the bone 
conductoi of the audiometei, as lllustiated in Fig 1 The 
acoustic properties of this piobe weie measuied at the State 
Technical Reseaich Institute The punty of tone depends 
essentially upon the piessuie exerted by the piobe If the 
piessuie is small, impuiity of tone lesults A thin piobe 
vibiates on its own lesonance frequencies, which changes \eiv 
lapidly by loading the piobe The velocity of the piobe a 
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vanous frequencies was tested with the appaiatus shown in 
Fig 2 The curves in Fig 3 indicate that the piobe, as well 
as the bone conductoi, is most sensitive at about 500 cps, 
wheie the velocity is gieatest The amount of enei gy loss 
can also be seen from the curves when compaiing the velocity 
coming through the piobe with the velocity of the bone con¬ 
ductoi itself Enei gy transmission is limited to about 0 1 
pei cent The second probe (see Fig 4), has a different con- 


amputude 



stiuction the piobe itself is thickei than the fust and it is 
attached at light angle to the bone conductor Vibiation 
heie occuis along the length of the piobe, tiansveise vibiation 
being laigely eliminated Sound tiansmission is thus entuely 
alteied As shown in Fig 5, theie is scaicely any enei gy loss 
between the bone conductor and the piobe A piobe con¬ 
structed along these lines must be legalded as certainly the 
most suitable testing device, and it will be used m my furthei 
studies 


CLINICAL OBSERVATIONS 

A thieshold cuive was determined at 250, 500, 1000 and 
2000 c p s , by gently touchmg the handle of the malleus just 
below the short process, with the acoustic piobe Superficial 
cocaine amlm anesthesia was used To pieclude enoi, the 
threshold values for the same frequencies were tested also by 
keepmg the probe m the meatus without touching the meatal 
walls, malleus oi tympanic membrane The values thus ob- 
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less It is also seen that in Gioup 1 the ossicle curve shows 
values consideiably smallei than m Gioup 2 In the formei 
gioup fixation of the stapes was slight Mostly it was fixed 
only at the antenoi penphery Mobilization m these cases 
was easy and successful In Gioup 2, on the othei hand, the 
stapes was extiemely fnmly fixed In some cases mobiliza¬ 
tion failed, m some it could be effected only by fleeing both 
the antenoi and the postenoi penphery 

CONCLUSIONS 

Clinical studies show that thieshold audiogiams, lecoided 
by acoustic piobe dnect fiom the malleus handle, piesent 
values diffenng accoiding to the degree of fixation If fixa¬ 
tion is slight, the ossicle curve gives consideiably smallei 
values than the an conduction audiogiam If the stapes is 
solidly fixed, the ossicle healing loss at the vanous frequencies 
is distinctly gieatei than in cases with slight fixation In the 
piesence of only slight fixation, the dnect contact between 
the vibiatmg piobe and the ossiculai chain causes vibiation 
also in the stapes footplate, oi at least in a part of it With 
an mciease in the degiee of fixation, the stapes functions 
moie and moie as a part of the labyimthme wall, and its 
vibiation is i educed in accoidance Fiom this it follows that, 
at least in certain cases, it is possible to determine the degiee 
of fixation of the stapes pieoperatively by means of an 
acoustic piobe 

DIRECT AUDIOMETRY IN AUDIOSURGERY * 
(Abstract) 

Francisco Antoli-Candela, 

Fernando Antioli-Candela, 

F Olaizola 
and 

L Saft, 

Madud, Spam 

Modem audiosuigery deals not only with fenestiation and 

•This abstract was received and appeared on the official program but 
the authors were not able to be present to present the full paper 
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tamed weie always consideiably highei than those obtained 
fiom the malleus handle 

Noimally healing eais seived foi conti ol pui poses The 
aveiage threshold cuive obtained foi these eais was taken 
as the zeio cuive, by which the heaung loss in the ossicle 
curves was calculated The senes piopei is based on 30 
otoscleiotic eais, 21 of them weie opeiated upon by stapes 
mobilization aftei testing with the acoustic piobe In these 


TABLE i 
GROUP 1 


Patient 

No 


AG 
500 c,p a 

- Loss 

1000 c p a 

OC - 
500 <xp a 

L033 

1000 c.pi 

1 


„ _ 40 

35 

0 

5 

5 - 


60 

60 

25 

30 

15 


_ 50 

45 

20 

20 

16 


~ — 55 

55 

30 

20 

IS - 


50 

40 

10 

20 

19 


60 

60 

15 

5 






-- 


Mean - 


„ 

„ 16 5 

16 5 



GROUP 2 



2 


54 

60 

35 

60 

3 



45 

40 

30 

7 



50 

45 

55 

S 


__ .. ..65 

65 

60 

45 

9 


50 

55 

30 

40 

11 


60 

60 

30 

35 

13 


55 

55 

40 

35 






■ -- 


Mean 

- 

- — 

40 

42 9 


Group 1 Stapea fixation slight 
Group 2 Stapea fixation rigid 


cases the pieopeiative ossicle cuives could be compaied vriti 
the degiee of stapedial fixation noted at opeiation The 
following table shows the oidmaiy ail conduction heaiuh? 
loss and the lelative ossicle heaung loss (OC) at 500 an 
1000 cps m two diffeient gioups of patients In the fn s 
gioup the stapes was slightly fixed, m the second it " r as 
ngidly fixed 


A study of the table leadily shows, foi one thing, that in 
Gioup 1 the an conduction loss is much gieatei than the 
ossicle heaung loss, wheieas in Gioup 2 the diffeience is fai 
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legion This is because the visual dnection of gaze is oblique 
lelative to the internal surface of the tympanic cavity, due 
to its chai actenstic inclination This tangential visualization 
also encounters the obstacles of the short piocess of the incus 
and both piocesses of the stapes 

We have attempted to achieve a bettei visualization of the 
footplate by means of a lengthened, pieauial incision m the 
antenoi wall of the auditory canal just at the edge of the 
tympanic bone, which at this place forms the bony poition 
of the canal This peimits the uncovenng of the edge of the 
tympanic bone The lifting of the skin that coveis both it 
and the capsure of the tempoio-maxillary articulation furthei 
permits us to extnpate small 01 laige portions of the bone 
with the drill Now we can adjust the visual angle so that it 
may be perpendiculai to the footplate of the stapes 

Furthei extirpation and laying back of skin permits en- 
laigement of the visualized space so that the footplate may 
be piojected frontally m the centei of the visual field and 
may thus be manipulated moie safely and undei bettei 
contiol 


THE CARHART-SHAMBAUGH FORMULA USED FOR 
STAPES MOBILIZATION PREDICTION 

Frederick It Guilford 
and 

C Olaf Haug, 

Houston, Texas 

It has been geneially believed and emphasized by Rosen, 1 
Kos, 2 Sheei, 3 and otheis, that it appears impossible at this 
time to establish audiometucally a woikable piediction of the 
lesult to be expected fiom the stapes mobilization opeiation 
It is pointed out that vanations m oval window pathology' 
lesultmg in stapes fixation in laige part determine the feasi¬ 
bility of mobilization, and that the natuie and extent of this 
fixation cannot be ascertained short of exploiatory suigery 
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stapedioclasia foi otoscleiosis, but also with every technique 
foi the lecupeiation of any deafness caused by congenital 
defects m the sound transmission, tiaumatic lesions and sup- 
puiated chionic piocesses of same, and its healing sequels 

With a view to leaching a moie exact pieopeiative diag¬ 
nosis, and piovidmg befoiehand the most adequate suigical 
technique, we usually cairy out a dneet audiometry by means 
of a plastic acoustic conductoi connected to a micio-audiometei 
and placed eithei on the pathologic foi matrons of the tympanic 
cavity 01 on the basic points of the sound conduction, thus 
enabling us to fmd out the highest 01 lowest integrity of the 
tympano-ossicular appaiatus and the permeability of tire 
windows 

It also allows us, when peifoiming a mobilization opeia- 
tion, to know moie definitely when we obtain a total 01 paitial 
mobilization of the stapes and the function of the lound 
window 

Similar frndmgs can be achieved if we encountei lemams of 
ossicles m the audiosuigeiy of atiesias 


NEW APPROACH TO THE INCUDO-STAPEDIAL 
REGION FOR MOBILIZATION OF THE STAPES * 

(Abstract) 

Luis Garcia-Ibanez, 

Valencia, Spam 

Oui expeilence m mobilizing the stapes accoiding to the 
appioach of Rosen has not been good With that appio acl 
and woikmg on the neck of the stapes, only_one out of thiee 
patients who weie opeiated upon achieved a lesult that was 
lasting and socially useful 

Oui attempts to woik dneetly on the footplate of the stapes 
showed that it is difficult, with Rosen’s appioach, to achieve 
good exposuie and visualization of the mcudo-stape ia 

♦This abstract was received and appeared on the official Pf° ffraW 
the author t\as not able to be present to present the full paper 
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of the bone-air gap As shown by the lesults in Tables I 
and. II, the aveiage amount by which this closuie fails m oui 
senes is 14 6 db 

This figuie compaies veiy favoiably with the diffeiential 
of 15 db between the post-opeiative an aveiage and the pie- 
opeiative bone aveiage (oi 25 db fiom the collected bone 
aveiage), which serves as a basis foi the C-S formula In 
the fenestiation piediction it lepiesents the meveisible 
lesidual of healing deficit lesulting fiom suigical disruption 
of the impedence matching ossiculai cham mechanism 

table in 

Stapes Mobilization—Chances for Closing Air Bone Gap 

Based on Series of 100 Cases __ 

% Closed Air Bone Gap ___ __ _ __12 9 

% Closed Air Bone Gap -within 5 db ___18 


Table III fuithei lllustiates the small peicentage of pos¬ 
sibility of closing the bone-an gap completely oi within 5 db 
This diffeiential between the post-opeiative an lesult and 
the pie-opeiative bone, which in our senes has been so much 
like that found m the fenestration situation, lequnes fuithei 
study to establish an explanation Aftei stapes mobilization, 
of course, the ossiculai mechanism has not been sacnficed 
and, theoretically, if complete mobilization is successful, heal¬ 
ing should be restoied to the level of the pie-opeiative bone 
conduction thieshold 

Middle eai pathological changes piesent at the time of 
opeiation, oi following mobilization attempts, piobably pie- 
vent this theoietical bone-air closuie These changes might 
include fnction m movements of the stapedial foot plate, 
caused by bony spicules and othei irregularities of outline 
following lysis of the stapes, stretching of the mcudo- 
stapedial or incudo-malleolai joint, fibiosis of the annulai 
ligament, tension changes m tympanic membiane and in¬ 
complete mobilization of the stapes footplate We must beai 
m mind that mechanical mobility of the stapes does not nec- 
essanly msuie adequate physiological mobility of the mnei 
eai fluids 
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We lealize that the otoscleiotic focus may lesult in varying 
degiees of stapes ankylosis, sometimes pi eventing successful 
mobilization, and the difficulties involved in establishing an 
accuiate formula compaiable to the fenestration piediction, 
howevei, we felt that a study of one of the fenestiation pro¬ 
diction foimulas on a senes of stapes mobilization cases em¬ 
ploying the same selection technique by the same audiologist- 
otologist team, might piovide a guide as to what could be 
expected fiom the pioceduie 

TABLE i 


Stapes Mobilization—Closing the Air Bone Gap 


Actual Result 

CS prediction 

Average Post Op Level_ ~ 27 9 db 

Average Pre-Op Bone Cond 13 3 db 

28 3 db 

13 3 db 

14 6 db 

15 0 db 

TABLE II 


Stapes Mobilization—Closing the Air Bone Gap 
Based on Series of 100 Cases 


10 Cases—Better than bone conduction avg by - - - 

2 Cases—Same as bone conduction — 

SI Cases—Poorer than bone conduction by — — 

7 Cases—Failuies 

-H 5 db 
- 0 db 
” "-14 66 db 

100 

Total Difference 100 Cases _ 

b db^ 


Fiom a study of 100 consecutive fenestiations in a series 
of 500 cases, the Caihait-Shambaugh 4 foimula was found to 
pi edict the post-opeiative lesult with a high degiee of ac- 
cuiacy We have continued to use this foimula in all P ie ' 
opeiative audiological evaluations, even though the stapes 
mobilization was to be the elected proceduie A pievious 
evaluation of an eailiei senes of the fust 100 stapes opera 
tions suggested the possibility of the C-S formula foi P ie ~ 
dictive pui poses 

It has been oui expenence that stapes mobilization at 
tempts do not usually restoie complete efficiency of e 
conductive mechanism, as would be demonstiated by closure 
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have the fenestiation befoie the foui months' post-opeiative 
test was done 

While we axe awaxe that oui selection has eliminated some 
unfa vox able lesults, it has also eliminated an equal numbei 
of favorable lesults, as illustrated m Table V 

Table VI shows that the sample used was typical of the 


TABLE IV 

Stapes Mobilization—Comparison 1st Post Operative Test 1 to 2 Months 
Following Mobilization with 2nd Postoperative Test 3 to 4 
Months Following Mobilization 
Based on Series of 100 Cases 


1st Postoperative Aierage Le\el-- -- 27 94 db 

2nd Post Operatiie Average Level _ — 29 2S db 

Total Average Difference - -- - - ~ 134 db 

1st Post Operatiie Average Gain __ __ ~ - 20 56 db 

2nd Post Operatiie Average Gain — -__ ~ 19 22 db 

Total Average Difference ~ ~ ---134 db 


TABLE V 

Stapes Mobilization—Post Operative Results—96 Eliminated Cases 


More than 10 db 

35-40 db level and 

Less than 11 db 

gain and better than 

more than 10 db 

gain and poorei than 

35 db lei el 

gain or 

35 db lei el 


25 35 db level and 

or less than 6 db 


610 db gain 

gain any level 

Good 

Partial 

Bad 

31 Cases 

14 Cases 

33 Cases 

23 09 db level 

35 5 db level 

51 db level 

22 7 db gain 

12 21 db gain 

1 97 db gain 


lange of pie-opeiative levels oidinanly encounteied m oto- 
scleiotic patients 

Orn aveiage post-opexative stapes level, as compaied to 
the aveiage Caihart-Shambaugh fenestiation piedicted level, 
is shown in Table VII The levels of 27 94 db and 28 39 db 
lepiesent an aveiage diffeience of only 39 db In Table 
VIII the lange of vanance fiom peifect piediction is plotted 
It reveals that 48 pei cent of the cases weie eithei exactly 
piedicted or weie within 5 db of peifection, 76 pei cent of 
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It is oui feeling, that given a standaidization of pie-opera- 
tive evaluation involving the same audiologist, and of suigical 
pioceduie by the same opeiatoi, the main lemaming vanable 
m the application of C-S foimula is the natuie and extent 
of the otoscleiotic pathology which would pemnt 01 pi event 
mobilization of the stapes 

Fiom an evaluation of the distubution of mobilization 
failuies m an adequate senes, one may be able to pi edict the 
peicentage of cases which will defy successful mobilization, 
because of the anatomy and extent of otoscleiotic pathology 
Then, eliminating this gioup and leaving those who can be 
mobilized, one may pi edict, using an audiometnc foimula 
such as the C-S, what the expected level will be 

In 01 dei to investigate tins possibility the most lecent 100 
cases of stapes mobilization, in which one month and foui 
months’ post-opeiative lesults weie available, weie studied 
as to the con elation of post-opeiative lesult and C-S piedic- 
tion The most lecent 100 weie chosen m oidei to eliminate 
the vanable of changing suigical technique, and to take ad¬ 
vantage of the factoi of suigical expenence 

The suigical technique foi stapes mobilization used in this 
senes of cases was a vanation of the ongmal Rosen 1 * tech¬ 
nique, as modified by House 0 Mobilization maneuveis are 
made thiough the capitulum of the stapes with cuived Rosen 
exploieis If this maneuvei does not lesult m mobilization, 
attempts aie made to mobilize the stapes via the footplate, 
as descnbed by Rosen Fenestiation of the footplate was no 
attempted in this senes Suigical audiometry, adapted fi° nl 
the Goodhill' technique, was used in all cases 

We chose these cases with both one month and foui -month 
post-opeiative lesults because we felt that it was impoitan 
to establish the degiee of stability of the lesults used m tus 
study Table IV shows that the aveiage change fiom fu s 
post-opeiative test to second was only 1 34 db 

This selection of necessity coveied a laige gioup of cases, 
because, although eveiy patient was contacted foi letestmg. 
many failed to letuin foi one of these tests, oi went on o 
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oui cases weie within 10 db of the Carhart-Shambaugh pie- 
dicted level Range of vanance is furthei depicted in Table 
IX, 53 lesults weie bettei than the C-S piedicted level by 
9 3 db, and 29 weie pooiei than the C-S level by 7 7 db, 
making a total of 82 cases that diffeied fiom the exact ful¬ 
fillment of the piediction by an average of 8 3 db Theie 

TABLE IX. 

Stapes Mobilization—Post Operatit e Let els Compared to 
Carhart Shambaugh Predicted Levels 
Based on Results of 100 Cases 

No Cases ____ 

53—Better Than CS Predicted Le\el b> --— 9 3 db 


29—Poorer Than CS Predicted Lei el bj-- ~ 7 72 db 

S2—Differ from CS Predicted Level by--- S 3 db 

11.. Same Level as CS Predicted Level--...0 db 

7—Failures 

100—Total Cases 


TABLE X, 


Stapes Mobilization 


Predicted Poor Result 

Good Prediction 

Less 11 db gain and 

More 10 db gain and 

Poorer 35 db level 

Better 35 db Level 

am le^ el 

or More 30 db gain 
am level 

Fulfilled Not Fulfilled 

Fulfilled Not Fulfilled 

5 Cases__6 Cases 

60 Cases __ „ _10 Cases 

11 Cases 

70 Cases 


weie 11 who obtained a level identical to the piediction, and 
7 suigical failui es Twelve cases had a failuie lesult by our 
standaid of less than 11 db gam, together with pooiei than 
35 db level, 01 less than 6 db gam any level, howevei, five 
of these cases weie piedicted to be failuies, and weie classi¬ 
fied as selection failuies and included m the piedictive com- 
panson On the otliei hand, seven had a good piediction 
and actually achieved a failuie, and these were classified 
as tiue suigical failuies and eliminated fiom the comparison 

Table X demonstiates the success of the C-S foimula m 
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TABLE VI 

Stapes Mobilization—Range of Pre-Operative Level 
Based on Series of 100 Cases 


76 80—1 

71 76—11 
66-70—11 



- 

2 

2 

61 65—11111 

11 



_ i 

56 60—11111 

11111 

n 


_ “ ~ “I _12 

51 55—11111 

11111 

mil 

li 

_ -- -17 

46 50—11111 

mil 

in 

_ 


41-45—11111 

mil 

mil 

urn 

_ _ _20 

36-40—11111 

mil 

mil 

i 

_ _ lb 

31 35—11111 
26 30—11 

m 



_S 

2 


100 


TABLE VII 

Stapes Mobilization Post Opeiative Results Compared to 
Carhart Shambaugh Predicted Results 
100 Case Series 

Results based on 1st Post Operative Test, 1 t o 2 Months After Mobilization ^ 

Average Pre-Operative Level 

Oui Average Post Operative Level 
CS Average Predicted Level 


Total Aveiage Diffeience 

Oui Average Post Operative Gain 

CS Average Predicted Gain 


Total Average Difference 


_ £1 94 db 
28 33 db 


39 db 
20 50 db 
20 17 db 


.. 39 db 


TABLE VIII 


Stapes Mobilization 
Based on Series of 100 Cases 


Better Than CS Pied Level b> — 

21 db—111 

1120 db—mu mu mi - ^ 
6 n db—mil mil in ~ - 

i 5 db—mil inn mil mil m 

Same as CS Pred Level—11111 11111 1 

Pooler than CS Pred Level b>— 

1 5 db—11111 11111 1 __ ~ 

610 db—11111 11111 111 

11 20 db—111 
21 db—1 

Suiglcal Failures—11111 11 


3 


_14 



4 

1 


i 
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Stape 3 as a Treatment foi Otosclerosis E EJS T Monthly, 34 569 574 
Sept 1955 

4 ShambujGh, G E Jr., and C^ruart, R Contributions of Audi 
ologj to Fenestration Surgery Arch Otolaryngol . 54 699, 1951 

5 Rosea, S Mobilization of the Stapes to Restore Hearing in Oto¬ 
sclerosis A Y St Jour Med , 2650-2653 1953 

6 House, How \rd Personal Communication 

7 Goodhiix, V Surgical Audiometrj in Stapedoljsis Arch Otolaryn¬ 
gol , 62 504 50S 1955 


AUDITORY FATIGUE AND OCCUPATIONAL 
DEAFNESS * 

H A E VAN Dishoeck, 
and 

A Spoor, 

Umveisity of Leyden, 

The Nethei lands 


introduction 


In the last seveial yeais studies dealing: with the effect of 
noise on man weie published by the co-woikers of the Leyden 
Otological Clinic J van Gool studied the methods of lecoid- 
mg auditory fatigue and the dependence of the pattern of 
the acoustic dip on fiequency, intensity and exposuie time 
of the stimulating tone H A van Leeuwen leported on the 
occunence of noise tiauma and noise deafness in gioups of 
employees m diffeient kinds of factones C Rol, togethei 
with A Spool, gave the lesults of laboiatory studies on the 
traumatizing effect of steady and nonsteady sounds A dif- 
feience between the Leyden investigations, and all pievious 
studies such as the well-known woiks of Temkm (1933), 
Boige Lai sen (1939), Rosenbhth (1942), Kiistensen (1946), 
Krytei (1950), and the leport of the Amencan Standaids 
Association Z 24-X-2 is the use of contmuous-fiequency audi¬ 
ometry instead of octave audiometiy 


* From the Oto-Khlno-Larj ngolo&Ical Department of the TJni\erslty of 
Le>den Holland (head H A. B \an Dishoeck) 
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piedicting the exti ernes of good and pool lesults Of the 11 
cases piedicted foi a veiy pooi lesult, five weie fulfilled and 
six not fulfilled Of the 70 cases piedicted foi a good result, 
bO cases weie fulfilled and 10 cases not fulfilled 


In summary, it has been show that the Caihart-Sham- 
aug foimula foi piedicting fenestiation lesults may, ac- 
coidmg to this senes of cases, have value m piedicting the 
stapes mobilization lesult It was shown that the aveiage 
difference m piedicted and actual levels was low, and lange 
of vanance relatively small It was demonstrated further 
that the aveiage amount by which oui lesults fail to close 
the bone-au gap is almost identical to that which is expected 
m using the Caihait-Shambaugh foimula foi fenestiation 
prediction The numbei of cases achieving levels close to the 
piediction was gieat, and the formula’s ability to pi edict 
good lesults appealed significant 


It is emphasized that fuithei study is necessaiv to explain 
all the leasons foi failuie to close the bone-an gap in the 
majonty of cases Limitations in the formula’s use ha\e 
been illustrated by the fact that although the aveiage dif¬ 
ference in piedicted and actual lesult was small, since bettei 
and pooiei piediction lesults tend to cancel each othei, in¬ 
dividual cases may be considerably off fiom the piediction, 
also, though the foimula had considerable success in pre¬ 
dicting good lesults, it was only 45 pei cent effective in 
piedicting very pooi lesults (5 out of 11) 

Although much moie study is necessaiy befoie we " ill 
achieve a stapes foimula with the piedictive ability of the 
fenestiation foimulas, we feel that the Caihait-Shambaugh 
foimula, if cautiously inteipieted, will seive as a bettei guide 
to the expected lesult in the mobilized cases than is otherwise 
now available 
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be detected, and with some additional measuiements on highei 
levels the exact pattern can be established 

EXACTNESS OF CONTINUOUS AUDIOMETRY AS COMPARED TO 
OCTAVE AUDIOMETRY 

Apart fiom the gieatei information obtained by continuous 
audiometry, because the exact pattern of a healing loss is 
established, the lepioduceability also pioved to be supenoi 
Alternately thiee continuous and thiee octave audiogiams 
weie made of the same test peison by van dei Waal A gieat 
numbei of these audiograms weie studied statistically The 
mean aveiage standard deviation in continuous audiometiy 
pioved to be 2 41 db , wheieas in octave audiometiy, 3 68 db 

BACKGROUND NOISE 

The gieat piactical difficulty in obtaining leliable audio¬ 
giams m factones is the fact that the quietest loom is not 
compaiable to a specially built silent loom of an acoustic 
laboiatoiy, howevei, bunging the factoiy woikeis to the 
institute is geneially not convenient The exammei, woikmg 
in a lelatively noisy suiioundmg and finding threshold 
anomalies, must know what part of the measuied healing 
loss is due to masking by backgiound noise and what part 
can be attributed to an acoustic trauma 

An investigation of this pioblem was made by Spool In 
a sound-tieated loom, audiogiams of peisons with normal 
healing were taken duung exposuie to diffeient kinds and 
levels of noise, eg white noise, mdustnal noise and octave 
band noise The audiometei was checked by using as a lefei- 
ence value the aveiage continuous audiogiam of 20 young 
peisons without evidence oi history of healing damage It 
appealed fiom these investigations, m continuation of earliei 
publications, that the audiogiam of a noimal test peison is 
alieady distuibed by a noise level of 20 db and moie Usmg 
telephones with lubbei cushions, giving 10-20 db isolation the 
acceptable noise level m the loom will be 30-40 db In most 
cu cumstances this level can be lealized foi high tones by 
simple noise isolation measuies, but it is often impossible for 
the low tones, consequently foi low tones the unavoidable 
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CONTINUOUS AUDIOMETRY 

In continuous audiometiy a sweep tone is piesented to the 
patient at a certain intensity level The patient’s healing 
thieshold is noted by asking him to indicate at which fre¬ 
quency he begins to heai the sweep tone, and at which fie- 
quency the heaung ends By doing this at diffeient intensity 
levels a complete and veiy accuiate audiogiam can be made 
m a shoit time The pioceduie is the conti aiy of octave 
audiometiy, in which the thieshold of some selected fie- 



Fig- 1 Continuous audiometer with direct recording on the audloc 
(Peekel) 


quencies is detei mined by means of a changing intensity 
Thus gieatei and moie exact infoimation can be obtaine 

The Peekel-audiometei is specially built foi continuous 
audiometry Compensation is made foi the low an ^ l *j» 
frequencies, so that the zeio-level of the instiument coinci es 
with the thieshold level foi noimal young persons As r0 
200-8000 c/s m one sweep any level above thiesholds can 
tested, this anangement makes the audiometei ideal o 
screening If somewheie a heaung loss, such as a beginnm 
acoustic tiauma, exists, the localization of this loss will alnay 
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posure time, howevei, ovei 15 minutes does not mciease the 
extent of the dip The conclusion fiom this fact is that m 
longer exposure, auditory fatigue depends upon intensity and 
frequency alone, thus m factory woikers the lesultmg tiauma 
might be limited by the existing noise level, and might not 
depend on the numbei of yeais of exposuie Puie tones and 
noise bands aiound and above 2000 c/s possess a gieater 
traumatizing effect than lowei frequencies of the same in¬ 
tensity above threshold 


100 dB S 1 100 dB s' 



From these general properties of the acoustic dip, one may 
conclude that the notion of a special sensitivity of the C 3 
region is erroneous Consequently no theories trying to ex¬ 
plain the C 3 dip aie needed The origin of the illusion of a 
prefeience of the region aiound 4096 is cleaily the result of 
the measunng at this frequency m octave audiometry Ac¬ 
cordingly, the maxima of industrial noise traumata can be 
located at any frequencies between 2000 and 7000 c/s 

A THEORY ON THE ORIGIN OF THE ACOUSTIC FATIGUE 
AND TRAUMA 

Perhaps the tonal dip might be explained by the following 
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inaccuracy of ^hfaudlSfl ^ 1S acceptabIe - and thus an 
estabbstag- b l' e 1° ned Wth B ' 

these unfavorable f*n p.maQfo “ f noimaI P^sons undei 

logical audiogiams, taken undm'f-h 16feience value fo1 P atho * 
be obtained Heaimo- ? nQ the same cucumstances, can 

this thieshold shift r S f S >? S aS aige as ’ 01 smaller than, 
a dip of in db f 0t , be meaSUled Fo1 stance, when 

and the thieshold shift by back- 
ieal dip when 8 ™ thls frequency legion is 15 db, then the 
The aveiatre audm aSUled a Sllent 100 *n, would be 25 db 
a lelativelv sileni^^ 2 ° noimaI y° un ff peisons, taken in 
level of less tb room ’ bavin ff a backgiound noise 

foi the hicrhe f 11 m eacb oc ^ ave band, pioved to be 

Dadson and ty ones In g00c * accordance with the cuives of 
an Zate \ u*’ WheeIei and Dlckson Undei 100 c/s 
noise was n eailn ^ * oss > due to low-pitched background 
betwee H-, 1 eSen j Ui ex penenced hsteneis the diffeiences 
of n K 1 n 6 16a mgS m a 31 ^ en ^ 100m and m the piesence 
hsteneis 0 gl ° Und noise aie smallei than m unexpenenced 

experiments with single pure tones 

Auditory fatigue is chaiactenzed by a tempoiary thiesh- 
d use of a typical pattern—a tonal dip The thieshold at 
, e , le< ia e ncy of the stimulating tone itself is not, oi only 
ig y is ui bed The maximum of the dip is situated ap- 
X1 *P a 6 ^ one ~half octave above this frequency Foi dips 
lh USe a ^ c / s anc * highei tones the slope of the dip on 

? S1 e lowei frequencies is steep and on the othei 

i e muc moie giadually, showing some small depiessions 
e s eepness, and thus the place of the maximum of the dip 
of tha o™ 6 stimulating fiequency, depends on the size 
f iP Small dips aie bowl-shaped with then maximum 
a ei p le( l ue ncy The extent of the dip depends on the 
si ivity o the testees and the tiaumatizing power of the 
i u us n steady pure tones this powei depends on m- 
ensi y, fiequency and up to a certain limit on the exposure 
ime ius the same small dip can be obtained when using 
a ceitam tone of high intensity dui mg a short time, or of 
low intensity during a long time Lengthening of the ex- 
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Ranke and Reboul, the maximum of this distortion is situated 
about one-half octave above the stimulating frequency, thus 
on the place of the maximum of the dip We assume that this 
part is damaged by such an inadequate stimulation The 
amplitude of the swinging is higher neaiei to the stimulating 
fiequency, which fact agrees with the slope of the curve and 
the place of the maximum of the dip Notwithstanding the 
relatively laige movements, this inadequate form of stimula¬ 
tion causes no healing sensation Perhaps the fact that m 
high intensities a puie tone sounds moie 01 less impuie, is 
due to this distortion 

Fiequent repetition of the leversible auditory fatigue, 
without sufficiently long penod of recupeiation, results m 
an irreveisible lesion of the oigan of Corti, that is, m an 
acoustic trauma 

FATIGUE CAUSED BY PURE TONES OR BY A WHITE NOISE 

The effect of stimulation by two puie tones pioved to be 
the combination of two sepaiate dips Consequently it might 
be possible that, if an employee is tiaumatized by a high 
pitched noise and he is tiansfened to a department having 
alow pitched noise, an additional tiauma foi lowei frequencies 
will lesult Fatigue caused by one-thnd octave bands pioved 
to be similar to the effect of puie tones 

As a white noise is the combination of a gieat number of 
frequencies, the lesultmg tiauma will depend upon the sen¬ 
sitivity of the eai and the traumatizing powei of the different 
frequencies The frequency bands around 2000-3000 c/s aie 
dangerous, because the thieshold of the ear is low, and the 
tiaumatizmg power of these highei tones is gieat The 
trauma of a white noise proved to be a bioad bowl shaped 
dip, extending from about 3000-7000 c/s, consequently, m 
an industrial noise the energy m the 2000-3000 c/s band is 
of gieat importance 

EXPERIMENTS WITH PULSE TONES AND PULSATING NOISES 

Rol and Spoor studied the traumatizing power of non¬ 
steady sounds as compared to the better known traumatizing 
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theoiy The stimulation pattern of the basilai membiane by 
a puie tone, as established by its masking effect, betiays 
what happens when acquiring a tonal dip The pait aiound 
the stimulating frequency is stiongly but adequately stimu¬ 
lated Cleaily this physiological, adequate stimulation lesults 
in the heaung of a puie tone, and none, 01 only a small 



CLASSIFICATION OF 360 INPAIREO EARS ACCOROING TO 
THE FREQUENCY WITH THE HIGHEST HEARING LOSS 


Fig 3 Classification of 360 noise traumata according to the frequency 
an 1th the highest hearing loss 


thieshold using, can be detected afteiwaids, moieovei, the 
peistimulatoiy loudness adaptation is piesent aiound this 
stimulating fiequency, and not above 01 below 


As is demonstiated by von Bekesy the basilai membiane 
between the stimulating fiequency and the windows suffeis 
distortion due to swinging Accoiding to the calculations o 
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Intel nuttent stimuli aie less tiaumatizmg than continuous 
stimuli of the same calculated oveiall intensity 

Increase of the pulse duiation, the pulse-iate being con¬ 
stant, causes a greatei mciease of trauma than would be 
expected from the conespondmg mciease of the oveiall¬ 
intensity (see Fig 5) 

In the same way it was established that increase of the 
pulse-rate, the pulse-duiation being constant, has a greater 
influence on the traumatizing powei than on the calculated 
overall-intensity of the tone (see Fig 6) 



Fig: 5 Hearing- losses caused intermittent 2000 c/a stimuli with pulse- 
rates of 2 and 12 per sec. The upper-dashed lines indicate the hearing 
losses corresponding to the continuous stimuli of the same o\ erall- 
intensltles 


The diffeience between the tiauma caused by an inter¬ 
mittent puie tone and that caused by a continuous one of 
the same calculated overall intensity was maximal, viz 7 to 
12 db foi a pulse intei val latio of about 1 1 When keeping 
the pulse interval latio constant, it appealed that a pulse-iate 
of 8 pei second is more harmful than one of 2 pel sec If 
both noise and supeiimposed peaks aie traumatizing, the 
effect of the total noise pioved to be equal to the sum of the 
tiaumatizmg poweis of the components 

The well-known deafness usk cntena are calculated fiom 
the threshold cuive of the eai and fiom the gieatei tiauma- 
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Pie - -1 Schematic representation of cochlear mechanisms underlies 
adaptation and fatigue. 


powei of steady sounds Intel mittent puie tones, an intermit¬ 
tent white noise, synthetically constiucted sounds imitating 
pulsing factory noises, and the lecoided noise of a pneumatic 
dull, weie used It appealed that a sound-level meter, 
whether 01 not combined with band filteis, does not give 
exact values foi the tiaumatizing powei of pulsating sounds 
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INDIVIDUAL DIFFERENCES IN SENSITIVITY TO NOISE 

It is a fact of common expenence that among workers who 
aie exposed to the same noise intensities, considerable dif¬ 
ferences m acoustic tiauma exists Even the difference be¬ 
tween the left and light eai of an employee can be very gieat 

As we mentioned above, the toleiance cuive (see Fig 7) 
may give us an idea of the tiaumatizmg threshold of dif- 



tolerance curve 


Fig: 7 Deafness risk criteria, empirical traumatizing threshold and 
tolerance cur\e 


ferent subjects Usually, howevei, an above threshold method 
is employed, eithei by measuimg the dip caused by a puie tone 
oi by a noise In oidei to study this pioblem, van Leeuwen 
exposed 108 eais to 2800 c/s tone of 100 db duiing three 
minutes As a tonal dip changes very lapidly in size, the 
lesultmg dip was measuied by means of continuous audi- 
ometiy m one minute, beginning one-fourth minute after the 
cessation of the stimulating tone 


Threshold shift In db stimulus Xo of 

2800 c/s 100 db 3 minutes Ears 

0 -2-+2_26—24% 

5 3- 7 -27—25% 

10 8-12_33—31% 

15 13-17- 8—7% 

20 18-22 _7— 6% 

25 23-27 _ 4—4% 

30 28-32 _ 3—3% 
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tizing of the high tones In oidei to establish this line ex¬ 
pel imentally Rol detei mined, m a numbei of testees foi 
seveial tones, the minimum stimulation necessaiy to cause 
fatigue This empmcally obtained cuive differs, especial]} 
foi the so impoitant 2000-3000 c/s band, fiom the theoietic- 
ally calculated cuives (see Fig 7) It is known that the 
social validity for heaung of speech depends foi a gieat deal 
on the lange above 1500 c/s Thus, especially, excess of 



Fig - 6 Hearings losses caused by Intermittent 2000 c/s stimuli with a 
pulse-duration of iV-second The upper line indicates the hearing 1 l°s se3 
corresponding: to the continuous stimuli of the same o\erall-intenslties 


enezgy m the 1000-3000 c/s band will endangei the speech 
intelligibility 

An attempt was made to establish this tone-sensitivity in¬ 
dividually and m a quick and easy way Depaiting fiom the 
supposition that a tone becomes uncomfortable when the 
traumatizing thieshold is leached, we asked oui testees to 
indicate at which intensity a puxe tone acquires an impure 
and sharp chaiactei Indeed, the cuive m this way obtained, 
the toleiance cuive, pioved to be a good cntenon for the 
individual sensitivity of noise (see Fig 7) 
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Fig- 9 The Influence 
departments. 


of age on the hearing 


of employees in different 







department audiograms 

noisf le\el?° mblned audl °erams of employees In departments uith different 


dividual rfff 6 lesu ^ s we ma y conclude that consideiable in- 

withouf th Tf-fV* sensitlvlt y exist Against 24 pei cent 

old shrft V d 20 per “ nt Proved to have a thresh- 

oia snift, vaiymg fiom 15-30 db 


ISE trauma AMONG FACTORY WORKERS IN DORDRECHT 

level and ei ipsnlf tUdy K t{le coire,atlon between mdustnal noise 
level and result,„g hea„„ e loM> van Leeuw . n cl „ slf , ed 279 
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SUMMARY 

Fiom oui studies we may conclude that a certain average 
heaung loss belongs to a certain noise level Aftei some 
months of exposuie the amount of heaung loss hardly depends 
on the exposuie time any moie, but mainly on the noise level 
to which the factory woikei is exposed In a lelatively short 
time a tiaurna is acquned conespondmg to the noise level, 
and theieaftei, fiom this cause the hearing loss does not 
mciease very much. A gi eater damage may occui when the 
employee shifts woik to a department with a higher noise 
level 01 with another pitch. When m couise of time pies- 
bycusis develops, hearing loss fiom this cause is added to the 
existing acoustic tiaurna Thus, a noise tiaurna acquired m 
youth may be unnoticed, but at a highei age this same tiaurna 
may be the cause of a healing impairment foi speech This 
consideration may ha\e important legal consequences 
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on thTlt , Vn n ? 1Sy u department s of six diffeient factones 
of pth ^ 1 Doidlecht The audiogiams of the employes 

T* combmed b y considenng the median 
conti ols C 6C " ^ em statistically with a gioup of noimal 


appealed that these depaitment audiogiams could be 
c assified accoidmg to the pievaihng noise levels This fact 
agiees with the above mentioned conclusions, that, geneiallv 
spea mg, the size of the tiauma depends mainly on the quality 

f n in ensity of the stimulus, and not on the time of exposuie 
to noise 

In companng the audiogiams of newly appointed employees 
a tei a day's woik, and the next morning, then capacity foi 
lecoveiy could be established In those who woiked some 
yeais m a ceitam department, this lecovery was piacticalh 
absent, moieovei, the very impoitant fact was found, that 
t e post-woiking audiogiams of the newly appointed woikers 
lesembled closely those of the oldei employees This obsei- 
vation suggests that lepeated acoustic fatigue lesults m a 
peimanent tiauma of the same size Fiom this supposition 
we may expect that m each depaitment the mean audiogiams 
of diffeient age gioups, collected foi piesbycusis, should pre¬ 
sent the same degiee of tiauma, partzculai foi that depart¬ 
ment This conception pioved, indeed, to be substantially 
tiue, only a slight detei 101 ation occumng in the couise of th? 
yeais, which is not accounted foi by piesbycusis 

Fiom these obseivations, too, the important fact appealed 
that the peimanent tiauma is alieady acquned aftei a lela- 
tively short exposuie time 

Van Leeuwen calculated the aveiage degiee of tiauma in 
gioups of woikeis of about the same exposuie time to the 
same noise level, in oidei to see whether theie was an mciease 
m loss m the gioups with longei exposuie to noise Since 
longei exposuie and highei age aie inevitably linked togethei 
the influence of piesbycusis was eliminated by conecting the 
individual audiogiams It appealed that most of the damage 
is done the fust yeai of exposuie to noise 
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if the intensity of the exposuie stimulus weie laised 01 
loweied 


METHOD AND PROCEDURE 

Six listeneis, langmg in age fiom 23 to 35 yeais, served 
m this expenment All had noimal healing and all data weie 
collected monaurally, using the light eai 

A PDR-10 eaiphone, which was encased m a douglmut-type 
cushion (NAF-48490-1) and mounted on a head band, was 
used to pioduce puie tones and noise The appaiatus pei- 
mitted the measuiement of quiet absolute thiesholds, the 
measuiement of masked thresholds,* and the exposuie of the 
eai to intense noise The test tone was geneiated by an 
audio oscillatoi The output of the oscillatoi was fed to an 
electionic swatch, two attenuatois m tandem, a mrxei, a 
matching tiansformei, and then it was terminated by the 
eaiphone The output of a noise geneiatoi was passed 
through an attenuatoi to an amplifiei Foi the measuiement 
of masked thiesholds, the output of this amplifiei was fed 
thiough a matching tiansformei to the mixei m the tone 
cncuit When the noise was to be used as an exposuie stimu¬ 
lus, the output of the amplifiei was put dnectly acioss the 
eaiphone Only high fidelity components weie used, and 
switching devices allowed the expeiimentei to select the ap- 
piopnate cncuit and to keep all teinnnals piopeily loaded 

Each listenei was lun individually m eight expenmental 
sessions At each session, the absolute thieshold at 4000 
cps was deteimmed, the listenei was exposed foi thiee 
minutes to a noise of unifoim spectium level (60-7000 cps), 
and the lecovery of the thieshold at 4000 cps was tiaced 
foi 13^4 minutes The fust determination of a post-exposuie 
thieshold was completed 15 seconds aftei the cessation of the 
noise Duung the lemamdei of the session, a thieshold 
measuie was completed eveiy 30 seconds 

At each session a diffeient level of noise was used Theie 
weie eight levels, which langed m oveiall intensity fiom 85 
db to 120 db (ie 0 0002 miciobai) m steps of five db These 

♦The data for the masked thresholds are not reported 
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TEMPORARY HEARING LOSS AT 4000 CPS AS A 
FUNCTION OF A THREE-MINUTE EXPOSURE 
TO A NOISE OF UNIFORM 
SPECTRUM LEVEL * 

James D Miller, 

Indiana Univeisity, 

Bloomington, Ind 


INTDODUCTION 


The lesults of seveial experiments indicate- 3 5 0 710 that the 
form of the function lelating tempoiaiy healing loss to the 
intensity of the exposuie stimulus is complex As the in¬ 
tensity of the exposuie stimulus is mcieased fiom a low 
value, tempoiary healing loss lemains at oi neai zeio With 
fuithei increases m intensity, the amount of loss at fust 
positively acceleiates, and then mci eases hneaily up to high 
intensities At the highest intensities, tempoiaiy heaung loss 
may show no furthei mci ease, oi it may, m fact, decline, 
with an mci ease in the intensity of the exposuie stimulus 
This expei iment was designed to piovide furthei information 
on this lelationship, as well as to help answei the following 
questions 


1 How does the relationship between tempoiaiy healing 
loss (THL) and intensity diffei fiom listenei to listener 9 

2 How does this lelationship change as the thieshold i®* 
coveis 9 


It is well-known that wide individual differences in TH 
aie obseived when all listenei s aie exposed to the same 
stimulus 1 s 0 Answei s to the two questions listed above woul 
enable one to piedict how the same individuals would differ 


•This paper is part of a thesis submitted in partial fulfillment 
requirements for the Doctor of Phllosophj degree in the Depar „ flr , by 
Ps>choIog;> Indiana Universlt} The research was supported in P j 
the United States Air Force under Contract No AF 1S<600)-571 mo * 
b\ the Operational Applications Laborator> Air Research and A Dor t 

Command Bolling Vir Force Base. Washington 25 0 C This is 

No AFCKC-TN-56-70 4STIA Document No VD-110052 
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the noise was defined as the single measuiement, which was 
completed then The next two measuiements, which weie 
completed 45 and 75 seconds aftei exposuie, weie aveiaged to 
define the post-exposuie thieshold at 1 minute aftei the ces¬ 
sation of the noise The next foui measuiements of the thiesh¬ 
old weie aveiaged to define the post-exposuie thiesholds at 
2 y 2 minutes aftei the exposuie me post-exposuie thieshold 
at 6 minutes aftei the exposuie was defined as the aveiage of 
the ten measuiements of the thieshold obtained between 3^4 
and 8}4 minutes aftei the cessation of the noise Likewise, 
the post—exposuie thieshold at 11 mmutes was defined as the 
aveiage of the ten measuiements of the thieshold m the 
inteival 8^ to 13^4 minutes aftei the exposuie 

Foi each listenei, THLs weie computed foi the diffeient 
times after exposuie by subtiactmg the pie-exposuie thieshold 
fiom the post-exposuie thiesholds just defined 

In older to detect and to avoid any cumulative auditoiy 
effects of this series of exposuies, the following piecautions 
weie taken Foi a given listenei, successive sessions weie 
separated by at least 48 horns Audiogiams (500-8000 c p s ) 
were taken at the beginning of each session If these thiesh¬ 
olds weie not within six db of then values at the pievious 
session, then the session was teimmated, and the exposuie 
was delayed 24 houis 


RESULTS 

To check on the possibility that theie weie effects due to 
eithei practice oi the lepeated exposuies to noise, the pie- 
exposuie thiesholds foi the individual listeners weie plotted 
against sessions No consistent tiends appealed m these 
cuives Also, the mean THLs foi Session II to VII weie 
examined In each of these means, the slx listenei s and the 
six intensities (90-115 db ) weie lepresented, since ovei this 
portion of the experiment noise intensities and sessions weie 
counteibalanced ovei listeneis No tiends towaid gieatei oi 
smallei THLs weie noted, thus, theie was no evidence foi 
changes m THLs due to piactice oi to the lepeated exposuies 
to noise 
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levels aie estimates of the SPL undei the cushion The le\el 
m a 6-cc couplei would be about 8 db gieatei Each hstenei 
was exposed at each of these eight levels The intensity of 
the noise was 85 db at the fust session and 120 db at the last 
session The intei mediate noise levels weie assigned to 
listeneis and sessions by means of a 6x6 latm squaie which 
was selected landomly, thus, foi Session II to VII and foi 
noise intensities 90 to 115 db , the effects of sessions and in¬ 
tensities weie counteibalanced 

The thieshold measuiements weie obtained by the method 
of adjustment The hstenei contioiled the intensity of the 
tone by means of an attenuatoi which had a lange of 60 db 
with steps of two decibels, he was mstiucted to biacket lus 
thieshold by manual adjustment of the attenuatoi A test 
tone was piesented foi a 15-second penod By this method 
the listenei was allowed 15 seconds to adjust the tone to his 
thieshold At the end of the 15-second penod, he lepoited 
the attenuatoi leading at which he could just detect the tone 
When lepeated measuiements weie obtained, theie was a 15- 
second penod of silence between the successive measui ments 

The test tone was intei lupted once pei second by an elec¬ 
tions switch It was on foi 7 seconds and off foi 3 seconds 
The use-fall time was 50 milliseconds Anothei attenuatoi 
was m tandem with the one that the hstenei manipulat 
Fiom tnal to tnal the expenmentei haphazaidly vaned tie 
amount of attenuation m the second pad This was done so 
that the hstenei would not be influenced by his settings on 
pievious tuals 

Tempoiaiy heaung loss (THL) is defined as the diffeience 
m decibels between the pie-exposuie thieshold and the P os ' 
exposuie thieshold The pie-exposuie thieshold was define 
foi each hstenei as the mean of five deteiminations of tie 
thieshold which weie obtained immediately befoie each e\ 
posuie It was desnable to obtain the most lehable measuie 
of the THL pioduced by each intensity of the noise af ei 
vanous penods of lecoveiy Foi this puipose the following 
vanables weie defined foi each hstenei at each session -l 1 
post-exposuie thieshold at 15-seconds aftei the cessation o 
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cessation of the noise loughly paiallel the THLs 15 seconds 
aftei the exposuie Although not shown m Fig 1, the cinves 
foi the THLs 2 y 2 minutes and 11 minutes aftei the exposuie 
seem to fit into the family of cuives The mean THL foi the 
different times aftei exposuie is given foi each intensity of 
noise m Table I 

Because of individual diffeiences, the basic lelationships 
among THL, time aftei exposuie, and the intensity of the 
noise may be distoited by avei aging all listeneis togethei It 


TABLE i 


THE MEAN THL AT 4000 CPS FOR DIFFERENT TIMES AFTER THE 
EXPOSURE AND EACH OVERALL INTENSITY OF THE NOISE 


Time After 

Exposure 

85 

90 

INTENSITY OF THE 
95 100 105 

NOISE 

110 

115 

120 

15 seconds___ 

-4 0 

44 

9 3 

14 5 

23 7 

28 o 

38 3 

46.2 

1 minute ™ „ _ 

. 6 

1 S 

3 7 

9 S 

14 5 

17 9 

26 0 

27 5 

2% minutes _ 

22 

3 3 

53 

90 

13 0 

15 6 

21 0 

22 1 

6 minutes __ 

1 1 

1 6 

32 

6 6 

9 8 

13 0 

17 3 

15 2 

11 minutes_ 

„11 

13 

2 6 

5 9 

S 4 

11 9 

14 5 

12 7 


is important to examine the data for the individual listenei, 
and the data aie plotted in this way in Fig 2 

Considei the data foi JF shown in panel A The THLs 
determined 15 seconds, 1 minute, and 6 minutes aftei the 
exposure aie shown by the open ciicles, the filled ciicles, and 
the squaies lespectively Ovei then eaily portions these 
curves aie positively acceleiated, and then they become almost 
lineal That is, once THL has become as laige as 15 oi 20 
db, the lemaming portion of the curve can be appioximated 
by a stiaight line with a slope of about two 

The curves foi the othei listeneis show eithei an mveision 
oi a leveling off when the highest intensities aie leached 
This fact will be discussed latei Foi the piesent pui poses, 
only the data up to a point of the mveision oi leveling off 
will be considered Tins is done by find mg foi each listenei 
the noise intensity at which the curve in Fig 2 foi THL 6 
minutes aftei the exposuie eithei shows a maximum oi levels 
off An anow indicates this intensity foi each listenei All 
THLs foi intensities to the light of the anow aie disiegaided 
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NOISE INTENSITY IN SPL oa 


T e I npo J ra ry hearing- loss at 4000 cps aa a function of the In 
ntt * 3 -niinute exposure to uhite noise The parameter Is the time 
she listene^ 38at ° U ° f the nolse Each point is the mean of the rtsulta for 


A plot of THL against the intensity of the noise is shown 
m Fig 1 Each point is a mean based upon the lesults fiom 
the six hsteneis The paiametei is time aftei exposuie 
The cuive fox* the THLs detex mined 15 seconds aftei the 
exposuie is positively accelexated ovei its eaily portions, 
and then it becomes appi ovimately lmeai with a slope of 
about one and one-half Except foi the exposuie to 120 db, 
the cuives foi the THLs one minute and six minutes aftei the 
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cessation of the noise loughly paiallel the THLs 15 seconds 
aftei the exposuie Although not show in Fig 1, the cuives 
foi the THLs 23 / minutes and 11 minutes aftei the exposuie 
seem to fit into the family of cuives The mean THL foi the 
diffeient times aftei exposuie is given foi each intensity of 
noise m Table I 

Because of individual diffeiences, the basic lelationships 
among THL, time aftei exposuie, and the intensity of the 
noise may be distoited by avei aging all listeneis togethei It 


table 1 


THE MEAN THL AT 4000 CPS FOR DIFFERENT TIMES AFTER THE 
EXPOSURE AND EACH OVERALL INTENSITY OF THE NOISE 


Time After 
Exposure 

S5 

INTENSITY OF THE NOISE 
90 95 100 105 110 

115 

120 

15 seconds . 

_4 0 

44 

93 

14 5 

23 7 

28 5 

38 3 

46.2 

1 minute _ 

_6 

IS 

3 7 

9 S 

14 5 

17 9 

W± Util 

27 5 

2^ minutes 

_22 

3 3 

53 


whim 

15 6 

Efji ^ 

22 1 

6 minutes _ 

_11 

1 6 

32 

66 

9 S 

13 0 

17 3 

15 2 

11 minutes_ 

_11 

13 

2 6 

5 9 

S 4 

11 9 

14 5 

12 7 


is important to examine the data foi the individual listenei, 
and the data aie plotted m this way m Fig 2 

Considei the data for JF shown in panel A The THLs 
detei mined 15 seconds, 1 mmute, and 6 minutes aftei the 
exposuie aie shown by the open ciicles, the filled ciicles, and 
the squaies lespectively Ovei then eaily portions these 
cuives aie positively acceleiated, and then they become almost 
lineal That is, once THL has become as large as 15 oi 20 
db, the lemammg portion of the carve can be appioximated 
by a sti aight line with a slope of about two 

The cuives foi the othei listeneis show eithei an mveision 
oi a leveling off when the highest intensities aie leached 
This fact will be discussed latei Foi the piesent pui poses, 
only the data up to a point of the mveision or leveling off 
will be considered This is done by finding foi each listenei 
the noise intensity at which the curve m Fig 2 foi THL 6 
minutes aftei the exposuie eithei shows a maximum oi levels 
off An anow indicates this intensity foi each listenei All 
THLs foi intensities to the light of the anow aie disiegaided 
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NOISE INTENSITY IN SPL oa 


FIs' 1 Temporal-} hearing loss at 4000 c P sa3 a ^ aac „ tpr i 3 the time 
tensity of a 3-minute exposure to white noise The pa ^ a ^ f result^ tor 
after the cessation of the noise Each point Is the mean oi 
six listeners 


A plot of THL against the intensity of the noise is shown 
m Fig 1 Each point is a mean based upon the iesu 
the six hstenei s The pai ametei is time aftei e ^P 0S 
The cuive foi the THLs detei mined 15 seconds a ^ 

exposuie is positively acceleiated ovei its eaily P° l 1 ^ 
and then it becomes appioximately linear with a S °P 
about one and one-half Except foi the exposuie to l- ’ 
the cuives foi the THLs one minute and six minutes atte 
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65 90 95 100 105 110 115 120 

NOISE INTENSITY IN SPL oa 


lf'lpr l A tomptii limn of Uni uirvtH Cot tho Individual UHlonorn tthowim? f AHiL» at 4000 uih kh a function of tho iutou 
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NOISE INTENSITY IN SPL oa 

Fler 2 Curves for [ndt\ idual listeners show Ingr THL at 1000 c p a 
against the intensity of a 3-mlnute exposure to white noise The i 

is the time after the cessation of the noise The arrow in each P a "* 
indicates the intensity above 'which the 6-minute curve either levels 
or declines 


Undei these conditions, examination of the data shown in 
Fig 2 suggests that foi a given hstenei the curves foi the 
thiee diffeient times aftei the exposuie can be supei posed 
by shifting then positions along the intensity axis 

In Older to facilitate compaiisons among the hsteneis, pmt 
of the data of Fig 2 aie leplotted in Fig 3 The upper 
panel shows the THLs 16 seconds aftei the exposuie, and 
the lowei panel shows the THLs 6 minutes aftei the ev 
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TIME AFTER EXPOSURE IN MINUTES 

Flf? 4 Recovery of the 4000 c.p s. threshold after a 3-minute exposure 
to vrhite noise. Each panel shows the data for an indl\ idual listener 
The parameter Is the o\er-all intensity of the noise. 


covery curves aftei exposuie to the “low” noise intensities 
aie remaikably independent of the noise intensity Also, 
listenei JF did not show a maximum m Ins curves foi THL 
plotted against noise intensity (see Fig 2) The lecovery 
cuives foi JF m panel A of Fig 4 all have much the same 
shape 

The maiked change m late of lecovery in the lesults of the 
expei iment leported heie cannot be explained leadily by 
assuming that some piotective mechanism of the eai simply 
1 educed the effective stimulation of the innei eai dunng the 
duiation of the exposuie It would seem that such a mechan- 
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posuie These cuives have been “amputated" as suggested 
m the pievious paiagiaph It can be seen that the shapes 
of the cuives aie highly similai foi all hsteneis Inspection 
of these giaphs suggests that the mam diffeience among 
hsteneis is the position of the cuive along the intensity axis 
Of couise, this conjectuie can be conect only foi the THLs 
up to the intensity at which the mveision 01 leveling off 
occuis 


An mveision 01 shaip deceleiation in cuives showing THL 
as a function of the intensity of the exposuie stimulus will 
now be discussed With an exposuie stimulus of about 120 
db , Egan, 4 using white noise, and Davis, et al 3 using puie 
tones, also found this effect Davis, et al, add that the in¬ 
tensity at which this “bend-ovei” occuned vaned fiom hs- 


tenei to listenei and foi a single hstenei fiom day to da> 
These mvestigatois intei pi eted then lesults to mean that 
some piotective mechanisms of the eai, such as a conti action 


of the mtia-auial muscles oi a change in the mode of vibia- 
tion of the stapes, attenuates the effective stimulation of the 
mnei eai Refeiimg back to Fig 2 above, if one weie to 
look at only one cuive at a time, then the data would fit 
into the pattern descubed by Egan and by Davis, et al 


The natuie of the change that takes place aftei TH 
leaches a maximum can be best lllustiated by plotting f° 1 ^ 
each listenei the family of lecoveiy cuives with the intensit\ 
of the noise as a paiametei Fig 4 shows the data plotte 
in this way These aie essentially the same data as shown 
in Fig 2, but the data foi moie times aftei the exposuie an 
fewei intensities aie given 


The lecoveiy cuives foi BG and RM given m panels B an| 
D show an effect piesent in the data foi all hsteneis wi > 
the exception of JF Recoveiy fiom the moie intense ex 
posuies is so lapid that the lecoveiy cuive ciosses the lC 
coveiy cuives foi the less intense exposuies This cl ° Sb '^f 
of lecoveiy cuives can be noted also in the data of SW< '' 
and LH This change in the late of lecoveiy is quite 
matic, as can be seen by examining the lecoveiy cun 
befoie the “bend-ovei” is leached The shapes of the ic 
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CLINICAL BONE CONDUCTION AUDIOMETRY 
AT THE FRONTAL BONE 
(Abstract )* 

R F Naunton, 

University of Chicago Clinics, 

Chicago, Ill 

Orn mteiest m clinical bone conduction audiometry stems 
duectly fiom eaily tuning folk days when the value of com- 
paiisons between an conduction and bone conduction healing 
was very well lecognized The level of mteiest cm lent 50 
or moie yeais ago is well illustrated by the fact that at that 
time Quix was able to quote well ovei 200 papeis concerned 
with bone conduction healing, and foi the most part oui In¬ 
tel est has diminished very little since the advent and develop¬ 
ment of the electucal audiometei Some accept bone con¬ 
duction audiometnc test lesults at then face value, otheis 
emphasize then value and aceuiacy, and theie aie a few 
otologists and audiologists, peihaps the moie discilimnatmg, 
who have no confidence at all m such measuiements, and 
who have little oi nothing to do with them 

The almost univeisal piactice of carrying out bone conduc- 

•TlUa Paper has been published in full In Archives of Otolaryngology 
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ism would i educe the eaily THLs as much as the THLs at the 
latei times aftei the exposuie 

SUMMARY OF RESULTS 

1 The shape of the cuive l elating THL to intensity of the 
exposuie stimulus is neaily the same at diffeient times after 
the cessation of the noise The mam effect of time after 
exposuie is to shift the position of the cuive along the in¬ 
tensity axis 

2 The shape of the cuive lelating THL to noise intensity 
is neaily the same foi all listeneis The main diffeience 
among listeneis appeals to be the position of the cuive along 
the intensity axis 

3 Foi THL >15 db , the lelationship between THL and 
noise intensity foi the individual listenei can be appioxiniated 
by a straight line with a slope of about two 

The above conclusions aie qualified by the fact that a 
leveling off oi maximum in the cuives i elating THL to noise 
intensity occuis for most listeneis, once the noise intensi > 
becomes as gieat as 110-120 db Individuals appeal to diffei 
with legald to the intensity at which this effect fust occuis 

With legald to individual diffeiences in susceptibility to 
tempoiaiy heai mg loss, the following hypothesis is ten a 
tively pioposed A given listenei’s position m a frequency 
distribution of THLs, when all listeneis aie exposed an 
tested under the same conditions, will depend upon 
factois J the position of his cuive (THL against n°i-> 
intensity) along the intensity axis, and 2 the intensi ) a 
which this cuive shows a leveling off oi an inveision 

REFERENCES 

1 Cubistlvi'.se'j, E Auditory Fatigue and White Noise Ada 
laryngol , 26 99 105 1956 

2 Davis, H et vi_ Final Report on Ph\slological ®^ e S!f m merce 
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Office of Tech Serv PB 19786 Loud 
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Tones and Noise Acta Otolaryngol , Suppl 88 1960 
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use of both air conduction and bone conduction xeceiveis on 
the same eai 

Other observations by Barany led to the conclusion that we 
may do better in clinical bone conduction tests rf we place 
the bone conduction receiver on the fiontal bone, inertia and 
cartilage conduction would thus be reduced or abolished, 
theie would piobably be less intei-subject valuation m bony 
contoui, and it is fai sunplei to apply a bone conduction re¬ 
ceiver to the fiontal bone than to the mastoid, and fai easiei 
to be sure of reproducing the test conditions as tests are re¬ 
peated One distinct advantage of the fiontal bone site is 
the e\ei-present lemmdei that the eais aie being stimulated 
equally, and that masking is almost always lequned, moie- 
o\ei, while using a fiontal bone conduction leceivei the two 
ears may be coveied by air conduction leceiveis, and masking 
tones may very conveniently be fed to either eai at will 

One minor and leadily o\eicome disadvantage of the 
fiontal site is that at most test tone fiequencies more power 
is required to leach the threshold of hearing than is lequned 
at the mastoid bone 

The importance of the size of the fiontal sinuses m bone 
conduction measurements of this tvpe lemams an uncertain 
quantity, but it is one that must be examined further 

If we are to consider seriously the possibility of making 
bone conduction measurements at the frontal bone while our 
listeneis weai a pair of an conduction leceiveis, we must 
learn a good deal more than is generally known at piesent 
concerning the occlusion effect in pathological ears We 
must m particular know whethei cases with pathological heal¬ 
ing will show occlusion effects resembling those shown by the 
normal ear Such evidence as there is, suggests that the 
normal occlusion effect will be 1 educed in the case with a 
pathological middle eai by an amount equal to the magnitude 
of that ear's conduction deafness 

In an attempt to gam furthei information on this and othei 
lelated problems, about 500 eais were tested, audiometncally, 
some had visible middle ear changes of various types, some 
had otoscleiosis, and some had neithei visible changes nor 
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tion tests with the leceivei applied to the mastoid process of 
the tested eai is peihaps unfortunate, because it encourages 
the false notion that the opposite 01 untested eai lemams m 
splendid isolation, sepaiated fiom the test tone just as effec¬ 
tively as is lecognized to be the case in an conduction tests, 
howevei, the inadequacy of bone conduction isolation has 
now been accepted, and the resulting and almost mvai table 
need foi masking is well lecognized, but we still adheie to 
the mastoid piocess, a site with veiy little to lecommend it 

Baiany, many yeais ago suggested, with cleaily stated 
reasoning, that the mastoid piocess was fai fiom being the 
best site of application foi the bone conduction receiver in 
clinical tests All of oui present measures of bone conduction 
healing aie confused to some extent by reflections of middle 
eai function, an inevitable lesult of inertia bone conduction 
healing and othei factois, of all the possible sites available 
foi a bone conductoi leceivei, the mastoid piocess will gi ve 
us the greatest confusion, because at this site ineitia bone 
conduction is at a maximum Baiany also pointed out tia 
clinical bone conduction healing will mciease as the leceiver 
is moved closei to 01 into contact with the cartilage o * e 
external eai, anothei aigument against the adequacy of 
mastoid site Theie aie numeious othei disadvantages en 
tailed m using the mastoid piocess, mastoids vaiy ® 
m tissue density and "the most sensitive spot of the mas oi 
vanes m position fiom individual to individual Oto 
who have earned out bone conduction tests will agiee 1 
it is often impossible, using a double headset with an 
conduction and a bone conduction leceivei, to peisua e 
bone conduction vibiatoi to do moie than peich piecano 
behind the listenei’s eai, and the choice of apphea lon ^j 
disappears when the leceivei can be made to stay on ie ‘ 
in only one position Anothei difficulty encounteie 1S 
production of oiigmal test conditions, in terms of app lC ^ e 
site and piessuie, as tests aie lepeated from time o 
A final objection to the mastoid type of bone conduc 
is that the tested eai must remain exposed to any an ^ 
ambient noise dui mg the test, because our orthodox ^ eoU3 
duction leceiveis aie too laige to peimit the simu 
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The points mentioned lead to the conclusion that clinical 
bone conduction audiometry, earned out with occluded ears 
and with a fiontal bone conduction leceivei, is well worth 
senous consideiation Oui orthodox techniques lesemble 
efforts to compaie the weights of a numbei of men, any of 
whom may be concealing 15 db of lead about then peisons 
Occluded fiontal bone tests will ensuie that, whethei “built-in 
occlusion effect" is piesent 01 absent, we denve a fai less 
maccuiate measure of cochleai leserve 

The observations desenbed weie made m the couise of a 
series of small scale piobes into the question of clinical bone 
conduction healing The lesults suggest that well planned 
attacks on the pioblem aie likely to be lewaidmg 


PROPOSED AUDIOLOGY CENTRE OF THE NATIONAL 
CENTRE FOR THE DEAF IN INDIA 
(Abstract) 

C A AMESUR, 

Bombay, India, 
and 

C Satyanarayana/' 

Madias, India 

Foi the past few yeais it has been the earnest endeavoi of 
the Government of India of finding ways and means to 
quicken the pace of rehabilitation of the handicapped persons 
With this object m view, the Committee on Deafness was 
appointed m 1952, and the Deaf Seminar held in Septembei, 
1955, which was ably piesided by Shu U A Basiuikai 

Di C A Amesui, who has published a papei on “Lip 
Reading” ml J 0, October, 1950, and “Rehabilitation of 
the acoustically handicapped” m the I J 0 , December, 1952, 
was requested by the Ministry of Education to give a talk on 
“Recent Piogiess m the Tieatment and Prevention of Eai 

•Stanley Medical College Madras India. 
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o osc eiosis A fiontally applied bone conduction receiver 
was used thioughout, and all the cases weie tested m each 
o wo ways fust, bone conduction with unoccluded oi open 
eais, and second, bone conduction while the eais weie oc- 
c u e with a pau of standaid ail conduction leceivers 
as ng was used m adequate amount to sepaiate the function 
o ie two eais The diffeiences between the unoccluded and 
e occluded bone conduction tlnesholds weie accepted as 
occlusion effects, and it became cleai that most of the cases 
with normal middle eais, whethei deaf oi otherwise, showed 
the expected occlusion effect of about 15 db at 250 and 500 
c/s, a lessei occlusion effect at 1000 c/s, and no occlusion ef¬ 
fect at 2000 and 4000 c/s 

It also became cleai that the majonty of the cases with 
middle eai changes showed no occlusion effects at any test 
tone fiequency, nuespective of the size of the au conduction 
loss piesent One furthei observation was that at some test 
tone fiequencies the cases with middle eai lesions and mod¬ 
erate an conduction healing losses showed bone conduction 
thresholds better, on the average, than the unoccluded normal 
ears' thresholds In other woids these observations demon¬ 
strated the piesence, m cases of mild middle eai deafness, of 
what has been lefened to foi very many yeais as "prolonged 
bone conduction hearing" It should be added that the phe¬ 
nomenon has often been lefened to as "the illusion of pio- 
longed bone conduction ” 

It has been pointed out above that the cases with moderate 
middle eai deafness had better than normal bone conduction 
healing, and that these same cases will show no further im¬ 
provement in bone conduction heaung when then eais aie 
occluded, but the noimal eai's bone conduction heaung vnd 
impiove when the eai is occluded and comes up to the le\e| 
of the pathological cases with “prolonged bone conduction 
Theie is, theiefoie, some justification foi stating that the 
pathological middle eais aie behaving as though they veie 
in a permanently occluded state, a state the authoi has tenta¬ 
tively labelled “built-m-occlusion ” This may be a misleading 
term, and comments must be limited to the obseivations that 
the effects aie veiy similai in terms of fiequency distribution 
and of magnitude 
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false secunty In Denmaik the pui chase of hearing aids is 
based on tendeis m oidei to stimulate competition The 
individual healing aids are controlled by an “artificial ear” 
at the Heaiing Centei, the plotted frequency curves aie filed, 
and the individual heaiing aids legisteied on index cards so 
as to have detailed account of the commonest defects Based 
on this file of defects, standards aie piepated for improve¬ 
ments in new types of heaiing aids The fitting of the hear¬ 
ing aid is based on a close cooperation between engineers and 
physicians 

The capncious pioblem m the matter of fitting hearing 
aids is training in the use of the apparatus It is of the 
greatest importance that the patients peisevere for the fust 
month until they have adapted themselves to the aid and its 
secondary noises All the patients aie referred to couises of 
up to four hours’ instruction, and moie than 50 per cent of the 
patients are tiamed m lipreading, heaiing training, and speech 
correction Thiough leports of the 63 teachers of patients 
with defective heaiing, opeiating in the area of the Heaiing 
Centers, we are able to check the coneetness of the rehabilita¬ 
tion piocess Particularly difficult cases aie lefened, and 
admitted to the college foi hard-of-heanng adults at Fiede- 
licia, a rather unique institution, unknown m most other 
countries The tiaimng of childien is supei vised by traveling 
teachers who visit the individual homes of the childien about 
eight times a year When necessary, vocational guidance is 
instituted 

A re-examination of the fust 8,000 patients of the Heaiing 
Centei m Copenhagen showed that only 4 per cent of the 
patients failed to use their hearing aids The le-exammation 
was based on questionnaires, mquines of personal friends, 
and lepoits fiom the teacheis The small figuie should 
hence be considered reliable, and be taken as an indication of 
the method applied by the Heaiing Centei, and classifica¬ 
tion of the patients Seventeen pei cent of the applicants are 
not provided with hearing aids, either because their deficiency 
is not sufficiently pionounced oi because they suffei from 
types of defective hearing which aie not remedied by heaiing 
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Diseases” at the Deaf Seminal, published ml J 0, Decem¬ 
ber 1955 The Seminal accepted his following lesolutions 

1 That a model Audiology Centie be set up by the Govern¬ 
ment of India, 

2 That smallei audiological units should be attached to all 
teaching hospitals, 

3 That lehabilitation of laiyngectomized patients be un- 
dei taken 

On Octobei 5, 1955, Government of India established the 
National Advisoiy Council foi the Education of the Handi 
capped (Resolution No F, 1-34-55, D-2, dated Januaiy 9, 
1955), and nominated the authoi on that body 

The Council, at its fust meeting, held m Octobei, 1955, in 
the Council Hall of the Lok Sabha, elected the authoi on its 
Standing Committee 

The Co-authoi woiked out the cost of such a centie, which 
the authoi placed befoie the Council, which accepted the 
same, on the following day The cost of constiuction and an 
appiopnate annual budget will be discussed 

The authoi s acknowledge then debt to many colleagues in 
Euiope, the United Kingdom and the United States 

DISCUSSION 

H W EWERTSEN, Copenhagen, Denmaik In DenmaiK vu® 
now have six yeais’ expellence with the State Healing 
habilitation Centies, of which theie aie thiee, in coopeia io 
with a special childien's clinic Eveiy Danish mha 1 ai ' 
with healing tioubles of chionic chaiactei, is allowe 1 
admission to the lehabilitation piogiam, including ex anl * ^ 
tion by otologist, acoustic evaluation by puie tone and a P e 
audiometiy, fitting of heaung aids, vocational gui an 
teaching and follow-up 

The expei lence of the Copenhagen Heaung Centei 
beyond doubt the necessity of a cuilent contiol of all iea ^ 
aids supplied to patients Official authorization base ^ 
few selected specimens pioved quite inadequate, P l0V,( 1 
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aids Pei sons, who on account of mental insufficiency aie 
unable to manage the healing aid, aie not supplied 

As compaied with all othei medical caie, the audiological 
rehabilitation of the hai d-of-heai mg pel sons must be con 
sideied an inexpensive and efficient measuie, which often 
totally changes the entile outlook on life of the patient 
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Harold Weber, Denver, Colo 
John C Webster San Diego Calif 
Charlotte G Wells, Columbia Mo 
Ruedi Werth New York N Y 
Edgar D Wipperman, 

Covington, Ivy 
Frank B Withrow St Louis Mo 
Mrs Margaret Withrow, 

St Louis Mo 
Doris Surles Woolsey, 

St Louis, Mo 

Donald M Wright, Quincy III 
Herbert N Wright, Chicago, HI 
Norman E Wvnn, Chicago, Ill 
Phillip A Yantis, Ann Arbor Mich 
Josef Zwlslocki, Cambridge, Mass 



Film Recor ding of Esophageal Speech by Means of the Image 
Intensifier 

Medical Division, North Amencan Phillips Co , Inc 

Technical and Electronic Field 

Speakei fiom the Bell Telephone Laboiatones 

Neu) Operation for Short Circuiting the Tracheal Air into the 
Phai'ynx _ -.. .John J Conley, M D 

Tuesday, May 20, 1958 

Changing Trends in the Treatment of Sinusitis 

Fiedenck T Hill, M D 

Nasal Obstruction Produced by Deformities about the 
Lobule _Henry L Williams, M D 

Cai cinoma-in-situ of the Larynx a Ten-Year Study of its 
Histopathological Classification, Prognosis and Treat- 

merit _AJden H Millei, MD 

and Russel Fishei, M D (By Invitation) 

Br onchoscopic Findings in Tuber cular Children 

D E S Wishart, M D , 
and J B Whaley, M D (By invitation) 

PRESENTATION OF INSTRUMENTS 

Unusual Sinuses -Fled W Dixon, M D 

Or bital Apex Syndr orne _Austin T Smith, M D 

Physiology of the Larynx Under Daily Stress (Film) 

Paul G Mooie, MD (By invitation), 
and Hans von Leden, M D (By invitation) 

The Exper imental Use of Homografts for Repair of the Cer¬ 
vical Trachea ____Joel J Piessman, MD 
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The Ch igm of Distoi tion m Cochleae Fluid Motion 

J Tonndoif, MD 

Piessm es of the Labyrinthine Fluids Measuied with an Elec- 
tiomanometei and Potential Value of These Pleasures 
Fiancis L Weille, M D, and John Invin, M D 

The Diffei ential Diagnosis of Menieie’s Disease 

Henry Williams, M D 

PROGRAM OF THE AMERICAN LARYNGOLOGICAL 

ASSOCIATION 

Fairmont Hotel, San Francisco, Calif, May 19-20, 1958 

Gi ound Substance ™—Eugene S Hopp, M D (By invitation) 

Vocal Rest m Lai'yngeal Disease __Meivm C Myeison, M D 

Management of Chionic Lai'yngeal Stenosis 

Paul H Holinger, M D 

Evidence of Lai'yngeal Pai ticipation in Emotional Expres¬ 
sion Its Relation to Hystefi ical Aphonia. 

A C Fuistenbeig, M D 

EXECUTIVE SESSION 
Panel Discussion 

AFTERNOON SESSION 

Rehabilitation of the Post-Laryngectomized Patient 
John J Conley, M D , Model atoi 

Types of Clinical Cases and Then Resultant Laryngeal, 
Esophageal, Pharyngeal and Neck Deformities 

Chailes M Non is, MD 

The Vocal Theiapist Place and Conti ibution to the Reha¬ 
bilitation Pioglain _Paul J Moses, M D (By invitation) 

Specific Discussion of Failuies Advanced and Difficult Tech¬ 
nical Pi oblems -F Johnson Putney, M D 

Psychological Factois Detei mining the Success 01 Failure of 
the Rehabilitation Piogiam 

Hayes A Newby, Ph D (By invitation) 
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Symposium —Modemi Ci itena, foi Diagnosis and Thei wpy of 
Malignant Disease m the Uppei Respn atory Ti act 

Model atoi-—-Jeiome A Hilgei, M D, St Paul, Minn 

PaneL ________Haiold G Tabb, M D , New Oileans, La 

Waltei P Woik, M D , San Fiancisco, Calif 
John J Conley, M D , New Yoik, N Y 

Combined Lai'yngectomy and Neck Dissection (A Motion 

Pictuie)~~~~ _Eugene L Giandon, MD, Iowa City, la 

(By invitation) 
Edgai S Brmtwall, M D , Iowa City, la 

(By invitation) 

An Objective Appioach to the Complaint “A Lump m the 
Throat” -~-_.G Arnold Henry, M D , Toionto, Canada 

Friday, May 23, 1958 

A Clinical Look at Piogiess in the Evaluation of Hearing 
Function -Fiedenck R Guilfoid, M D , Houston, Texas 

An Unusual Paoatoid Swelling—Its Diagnosis and Tieatment 
Albert C Fuistenberg, M D , Ann Aiboi, Mich 

The Motoi Activity of the Cncophavyngeus Muscle—A Lab- 
07 atoi-y Study (Candidate’s Thesis) 

John A Knchnei, M D , New Haven, Conn 

Symposium —Stapes Mobilization—Two Yeais Latei 
Model atoi-Howaid P House, M D , Los Angeles, Calif 

Panel-Meile Lawience, Ph D , Ann Arboi, Mich 

Philip E Meltzei, M D , Boston, Mass 
John R Lindsay, M D , Chicago, Ill 
Victoi Goodhill, M D , Los Angeles, Calif 
Samuel Rosen, M D , New Yoik, N Y 
Clan M Kos, M D , Iowa City, la 
George E Shambaugh, M D , Chicago, HI 
Edmund P Fowler, Ji , M D , New Yoik, N Y 
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PROGRAM OF THE AMERICAN LARYNGOLOGICAL, 
RHINOLOGICAL AND OTOLOGICAL 
SOCIETY, INC 

Wednesday, May 21, 1958 

The Relationship of Thyioid Cavernoma in Children and 
Irradiation of the Thymus in Infancy 

Shu ley H Baion, M D , San Fiancisco, Calif 

Discussion --Robeit R Newell, M D , San Fiancisco, Calif 

(By invitation) 

Middle Ear Effusion—Systemic Factors 

Fiancis W Davison, M D , Danville, Pa 

Open Discussion 

Symposium —Reconstructive Nasal Suigery 

Moderator_— Ronald W Tayloi, MD, Vancouvei, B C 

Panel-.—Russell I Williams, M D , Cheyenne, Wyo 

Joseph H Oguia, M D , St Louis, Mo 
Harold Owens, M D, Los Angeles, Calif 

The Tiansseptal Inti a-Nasal Dacryocystoi hmostomy A 
Neglected Opeiation (A Motion Picture) 

E R V Andeison, M D , Los Angeles, Calif 

Malformations and Anatomical Variations Seen in the Middle 
Eai During the Opei ation foi Mobilization of the Stapes 

(Candidate’s Thesis) . 

Jack V Hough, M D , Oklahoma City, Okia 

Thursday, May 22, 1958 

Soft Tissue Roentgenogi aphy of the Nasopharynx for 
Adenoids __Joseph L Goodman, M D , New York, N 

Open Discussion 

An Opeiative Technique to Prevent the Need of Postoperative 
Care in Radical Mastoid Surgery Y 

J H Thomas Rambo, M D , New York, N 

Open Discussion 
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AMERICAN OTOLOGICAL SOCIETY, INC 
President Dr Dean M Lierle, State University of Iowa, Iowa City, la. 
Secretary Dr Lawrence R Boies University Hospitals, Minneapolis 14, 
Minn 

Place Fairmont Hotel San Francisco, Calif, May IT 18, 1958 
Place The Homestead Hot Springs, Va, 1959 

AMERICAN OTORHINOLOGIC SOCIETY FOR THE ADVANCEMENT 
OF PLASTIC AND RECONSTRUCT!VE SURGERY 
President Dr Joseph Gilbert, 111 E 61st St., New York, N Y 
Vice-President Eh* Kenneth Hinderer, 402 Medical Arts Bldg, Pitts 
burgh Pa. 

Secretary Dr Louis Joel Felt, 66 Park Ave., New York 16, N Y 
Treasurer Dr Arnold L Caron, 36 Pleasant St, Worchester Mass 

AMERICAN RHINOLOG1C SOCIETY 
President Dr Russell L Williams 408 Hynds Bldg Cheyenne Wyo 
Secretary Dr Robert M Hansen 1735 No Wheeler Ave, Portland Ore 
Annual Clinical Session Illinois Masonic Hospital Chicago HI, October 
1958 

Annual Meeting October, 195S Chicago, HI (Definite time and place to 
be announced later) 

AMERICAN SOCIETY OF FACIAL PLASTIC SURGERY 

President Dr Trent W Smith 327 East State St Columbus 15 Ohio 
Secretary Dr Samuel M Bloom 123 East S3 St New York 2S N Y 
Meeting New York July 23 195S December 3 1958 place to be an 
nounced 


AMERICAN SOCIETY OF OPHTHALMOLOGIC AND 
OTOLARYNGOLOGIC ALLERGY 

President Dr Joseph W Hampsey Grant Bldg, Pittsburgh 19 Pa. 
Secretary Treasurer Dr Daniel S DeStio 121 S Highland Ave Pitts 
burgh 6 Pa- 

Annual Meeting Palmer House, Chicago, Ill October 16 17 195S 

ASSOCIACAO MEDICA DO INSTITUTO PENIDO BURNIER— 
CAMPINAS 

President Dr Lech Junior 

First Secretary Dr Franco do Amaral. 

Second Secretary Dr J M. Queiroz Abreu. 

Librarian Treasurer Dr Souza Queiroz 

Editors for the Archives of the Society Dr Guedes de Melo Filho Dr 
Antonio de Almeida and Dr Gabriel Pdrto 
Meetings Twice every month, first and third Thursday, 8 30 PM 

ASOCIACION DE OTORRINOLARINGOLOGIA 
Y BRONCOESOFAGOLOGIA DE GUATEMALA. 

President© Dr Julio Quevedo, 15 Calie Orient© No 5 
First Vice-Presldente Dr H6ctor Cruz, 3a Avenida Sur No 72 
Second Vice-President a Dr Jos£ Luis Escamilla, 5a Calie Ponienta 
No 48 

Secretario-Tesorero Dr Horace Polanco 13 Calie Poniente No 9-D 

ASOCIACION DE OTO RINO-LARINGOLOGiA DE BARCELONA, SPAIN 
Presldente Dr J Abello 
Vice-Fresidente Dr Luis Sufie Medan. 

Secretario Dr Jorge Perellb, 319 Provenza, Barcelona. 

Vice-Secretarlo Dr A. Pin art. 

Vocal Dr J M Ferrando 
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DIRECTORY OF OTOLARYNGOLOGIC SOCIETIES 

(Secretaries of the various societies are requested to keep this 
information up to date) 


AMERICAN ACADEMY OF OPHTHALMOLOGY AND 
OTOLARYNGOLOGY 

President Dr Erling W Hansen, 90 So Ninth St, Minneapolis, Minn 
Executive Secretary Dr William L Benedict, Mayo Clinic, Rochester, 
Minn 

Meeting Palmer House, Chicago, Ill 

AMERICAN BOARD OF OTOLARYNGOLOGY 

Meeting Palmer House, Chicago, Ill 


AMERICAN BRONCHO-ESOPHAGOLOGICAL ASSOCIATION 

President Dr Walter Hoover, 605 Commonwealth Bldg, Boston, Mass 
Vice-President Dr Walter P Work, 384 Post St, San Francisco, Call 
Secretary Dr P Johnson Putney, 1719 Rittenhouse Square, Philadei 
phia. Pa 

Treasurer Dr Verling K Hart, 106 W 7th St, Charlotte, N C 
Meeting Mark Hopkins Hotel, San Francisco, Calif, May 2123, l yo * 


AMERICAN LARYNGOLOGICAL ASSOCIATION 

President Dr Harry P Schenk, 326 S l^th St, Philadelphia 3, Pa 
Secretary Dr James H Maxwell, University Hospital, Ann Arbor, J 
Place Fairmont Hotel, San Francisco, Calif, May 19 20, 1958 

AMERICAN LARYNGOLOGICAL, RHINOLOGICAL AND OTOLOGICAL 

SOCIETY, INC 

President Dr Lawrence R Boies, University Hospital, Minneapolis H 
Minn * 

Secretary Dr C Stewart Nash, 700 Medical Arts Bldg, Rochester 
N Y re¬ 

place Mark Hopkins Hotel, San Francisco, Calif, May 2123, I* 
Place The Homstead, Hot Springs, Va., March, 1959 


AMERICAN MEDICAL ASSOCIATION, 

SECTION ON LARYNGOLOGY, OTOLOGY AND RHINOLOGV 

Chairman Dr Gordon D Hoople, Syracuse, N Y 
Vice-Chairman Dr Kenneth L. Craft Indianapolis, Inch 
Secretary Dr Hugh A. Kuhn, Hammond, Ind nr uco 

Representative to Scientific Exhibit Walter Heck, MD, San ^ 
Calif 

Section Delegate Gordon Harkness, M D , Davenport, Iowa, 

Alternate Delegate Dean Lierle, M D , Iowa City, Iowa. 
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FIRST CENTRAL AMERICAN CONGRESS OF 
OTORHINOLARYNGOLOGY 


President Dr Victor M Noubleau, San Salavador 

Secretary-Treasurer Dr Hector R. Silva, Calle Arce No 84, San Salva 
dor, El Salvador, Central America, 

FLORIDA SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr Cbas C Grace, 145 King St St Augustine, Fla, , 
President-Elect Dr Jos W Taylor 706 Franklin St, Tampa, Fla. 
Secretary-Treasurer Dr Carl S McLemore, 1217 Kubl Ave , Orlando, Fla, 

FOURTH LATIN AMERICAN CONGRESS OF 
OTOR1NOLARINGOLOGIA 


President Dr Dario 

Secretary 

Meeting 


GREATER MIAMI EYE, EAR, NOSE AND THROAT SOCIETY 

President Dr William B Steinman 
President Elect Dr James H Mendel, Jr 
Secretary-Treasurer Dr EL Carlton Howard 

Meeting quarterly (March May October and December) on the second 
Thursday of the month 6 30 P M at Urmey Hotel Miami 


INTERNATIONAL BRONCHOESOPHAGOLOG1CAL SOCIETY 

President Dr Jo Ono Tokyo, Japan 

Secretary Dr Chevalier L Jackson 3401 N Broad St Phlladephla 40 
Pa U S A. 

Meeting Seventh International Congress of Bronchoesophagology, 
Kyoto Japan September 1958 

KANSAS CITY SOCIETY OF OTOLARYNGOLOGY 
AND OPHTHALMOLOGY 

President Dr Clarence H. Steele 

President Elect Dr Dick EL Underwood 

Secretary Dr James T Robison 4620 J C Nichols Parkway Kansas 
City Mo 

Meeting Third Thursday of November. January February and April. 

LOS ANGELES SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr Sol Rome 

Secretary-Treasurer Dr Mai E. Pohlman. 

Chairman of Ophthalmology Section Dr Richard Kratz 

Secretary of Ophthalmology Section Dr Carrall A, McCoy 

Chairman of Otolaryngology Section Dr Howard G Gottschalk. 

Secretary of Otolaryngology Section Dr Robert W Godwin, 

Place Los Angeles County Medical Association Bldg 1925 Wilshire 
Blvd Los Angeles Calif. 

Time 6 30 P M last Monday of each month from September to June 
inclusive-—Otolaryngology Section 6 30 first Thursday of each month 
from September to June inclusive—Ophthalmology Section. 
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BALTIMORE NOSE AND THROAT SOCIETY 

Chairman Dr Walter E Loch, 1039 No Calvert St, Baltimore, Maryland 
Secretary-Treasurer Dr Theodore A. Schwartz 


BUENOS AIRES CLUB OTOLARINGOLOG1CO 

Presidente Dr K Segre 
Vice-President© Dr A P Belou 
Secretario Dr S A Aranz 
Pro Secretario Dr J M Tato 
Tesorero Dr F Games 
Pro Tesorero Dr J A Bello 

CANADIAN OTOLARYNGOLOGICAL SOCIETY 
SOCIETE CANADIENNE D’OTOLARYNGOLOGIE 

President Dr Robert T Hayes, 42 Cobourg St, St John, N B 
Secretary Dr Donald M McRae, 324 Spring Garden Rd, Halifax, N S 
Meeting Nova Scotian Hotel, Halifax, N S , June 9 11, 1958 

CENTRAL ILLINOIS SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr G C Otrich, Belleville, Ill 
President-Elect Dr Phil R McGrath, Peoria, I1L 
Secretary-Treasurer Dr Alfred G Schultz, Jacksonville, Ill 

CHICAGO LARYNGOLOGICAL AND OTOLOGICAL SOCIETY 

President Dr Stanton A Frledberg, 122 So Michigan Ave, Chicago 3 

Vice-President Dr Maurice Snitman, 408 So 5th Ave, Maywood, lit 
Secretary-Treasurer Dr Fletcher Austin, 700 No Michigan Ave, o 
cago 11, Ill 

Meeting First Monday of each Month, October through May 

CHILEAN SOCIETY OF OTOLARYNGOLOGY 

President Dr Enrique Grdnwald S 
Vice-President Dr Agustin Estartua 
Secretary Dr Marcos Chaimovich S 
Treasurer Dr Benjamin Kapkan K 
Director Dr Alberto Basterrica A. 

DALLAS ACADEMY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr Ludwig A. Michael, 3707 Gaston Ave, Dallas, Tex. 
Vice-President Dr Hal W Maxwell 3 

Secretary-Treasurer Dr Edward A Newell, 1511 No Beckley, 

Tex 

FEDERACION ARGENTINA, 

DE SOCIEDADES DE OTORRINOLAR1NGOLOGIA 

Secretary of the Interior Prof Dr Atillo Vlale del CarrlL 
Secretary of Exterior Dr Aldo G Remorino 
Secretary Treasury Prof Dr Antonio Carrascosa. 

Pro-Secretary of the Interior Prof Dr Carlos P Mercandino 
Pro-Secretary of the Exterior Prof Dr Jaime A* del SeL 
Pro Secretary of the Treasury Dr Jorge Zublzarreta. 
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PACIFIC COAST OTO OPHTHALMOLOG1CAL SOCIETY 

President H Leroy Goss, M D, 620 Cobb Bldg, Seattle 1, Washington 
Secretary Treasurer Homer E Smith M.D 508 East South Temple 
Salt Lake City, Utah. 

Meeting 

PAN AMERICAN ASSOCIATION OF OTO RHINO-LARYNGOLOGY 
AND BRONCHO-ESOPHAGOLOGY 

President Dr Jose Groa, Havana, Cuba 

Executive Secretary Dr Chevalier L Jackson, 3401 N Broad St, Phlla 
delphia 40 Pa., USA, 

Meeting Sixth Pan American Congress of Oto-Rhino-Laryngology and 
Broncho*Esophagology 
Time and Place Brazil, 1958 


PHILADELPHIA LARYNGOLOG1CAL SOCIETY 

President Dr Chevalier L. Jackson 

Vice-President Dr John J O'Keefe 
Treasurer Dr Joseph P Atkins 

Secretary Dr Louis E Silcox. 

Historian Dr Herman B Cohen, 

Executive Committee Dr Harry P Schenck, Dr , Benjamin H Shuster, 
Dr William A. Lell, Dr , William J Hitschler 


PORTUGUESE OTORHINOLARYNGOL1CAL SOCIETY 
President Dr Albert Luis de Mendonca. 

Secretary Dr Antonio da Costa Quinta, Avenida, de Liberdale 65 !• 
Lisbon, 


PUGET SOUND ACADEMY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr Clifton E. Benson Bremerton, Wash. 

President Elect Dr Carl D F Jensen, Seattle, Wash 
Secretary Dr Willard F Goff, 1215 Fourth Ave., Seattle Wash 


RESEARCH STUDY CLUB OF LOS ANGELES, INC 

Chairman Dr Orrie E Ghrist, 210 N Central Ave Glendale, Calif. 
Treasurer Dr Norman Jesberg 500 So Lucas Ave , Los Angeles 17 Calif 
Otolaryngology Dr Bussell M Decker, 65 N Madison Ave , Pasadena 
1 Calif 

Ophthalmology Dr Warren A. Wilson, 1930 Wilshire Blvd, Los An 
geles 57 Calif. 

Mid-Winter Clinical Convention annually the last two weeks in January 
at Los Angeles Calif 

SECTION OF OTOLARYNGOLOGY OF THE MEDICAL SOCIETY 
OF THE DISTRICT OF COLUMBIA 

Chairman Dr I L Levine. 

Vice-Chairman Dr Russell Page. 

Secretary Dr James J McFarland, 

Treasurer Dr Edward M. O'Brien. 

Meetings are held the second Tuesday of September November January 
March and May at 6 30 PAL 
Place Army and Navy Club Washington D C 
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LOUISIANA-MISSISSIPPI OPHTHALMOLOGICAL 
AND OTOLARYNGOLOGICAL SOCIETY 

President Dr H K Rouse, 1300 27th Ave, Gulfport, Miss 
Vice-President Dr A. J McComiskey, 3420 Prytonia St, New Orleans, La. 
Secretary Dr Edley H Jones, 1301 Washington St, Vicksburg, Miss 
Meeting 

MEMPHIS SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

Chairman Members serve as chairmen in alphabetical order monthly 
Secretary-Treasurer Dr Roland H Myers, 1720 Exchange Bldg, Mem 
phis, Tenm 

Assistant Secretary-Treasurer Dr William F Murrah, Jr, Exchange 
Bldg, Mempliis, Tenn 

Meeting Second Tuesday in each month at 8 00 p m at Memphis Eye, 
Nose and Throat Hospital 

MEXICAN ASSOCIATION OF PLASTIC SURGEONS 

President Dr Cesar LaBoIde, Mexico, D P 
Vice-President Dr M Gonzales Ulloa, Mexico, D P 
Secretary Dr Juan De Dios Peza, Mexico D F 

MISSISSIPPI VALLEY MEDICAL SOCIETY 

President Dr Arthur S Bristow, Princeton, Mo 
Secretary-Treasurer Dr Harold Swanberg, Quincy, I1L 
Assistant Secretary-Treasurer Dr Jacob B Reisch, Springfield Ill 

NETHERLANDS SOCIETY OF OTO RHINO LARYNGOLOGY 
(Nederlandsche Keel Neus-Oorheelkundlge Vereeniglng ) 

President Dr H Navis Sonsbeekweg 6, Arnhem 

Secretary Dr W H Struben J J Viottastraat 1, Amsterdam. 

Treasurer Mrs F Velleman Pinto, Jac Obrechtstr 66 , Amsterdam 

NORTH CAROLINA EYE, EAR, NOSE AND THROAT SOCIETY 

President Dr J C Peele, Kinston Clinic, Kinston, N v/ 
Vice-President Dr George E Bradord, Winston Salem, N C 
Secretary-Treasurer Dr J D Stratton, 1012 Kings Drive, Cfianoue 
N C 
Meeting 

NORTH OF ENGLAND OTOLARYNGOLOGICAL SOCIETY 
President Mr G L Thompson 16 Ramshill Road, Scarborough York 

Vice-President Mr J H Otty, Frizley Old Hall, Frizinghall Koad, 
Bradford, Yorkshire . y or v 

Secretary and Treasurer Mr R Thomas, 27 High Petergate 
Yorkshire 


OTOSCLEROSIS STUDY GROUP 

President Dr Joseph A Sullivan 174 St. George St, Toronto 5, 
Secretary Treasurer Dr Arthur H Juers, 611 Brown Bldg, 
Ky 

Meeting Palmer House, Chicago Ill 
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SOCIEDAD NACLONAL DE CIRUGIA OF CUBA 

President© Dr Reinaldo de Yillers 
Vice-Presidente Dr C6aar Cabrera Calderin 
Secretario Dr Josd Xirau. 

Tesorero Dr Alfredo M Petit. 

Vocal Dr Jos6 Gross 

Vocal Dr Pedro Hernandez Gonzalo 

SOCIEDAD OTO-RINO LARINGOLOGIA DE LOS 
HOSPITALES DE MADRID 

President© Dr Don Fernando Beltrdn Castillo 
Secretario General Dr Don Alf onso Vassallo de Humbert. 

Tesorero Dr Don Rafael Garcia Tapia. 

SOCIEDAD VENEZOLANA DE OTORRINOLARINGOLOGIA 

President© Dr Alfredo Cells P4rez 
Vice-Presidente Dr Bustamante Miranda. 

Secretario General Dr Jesus Mira lies 
Tesorero Dr M Hatheus 

Vocales Dr Perez Velasquez and Dr Wilmer Palacios 

SOC1EDADE DE OFTALMOLOGIA E OTORRINOLARI NGOLOGIA DO 
RIO GRANDE DO SUL 

President Dr Paulo Fernando Esteves 

Vice-President Dr Jayme Schilling 
First Secretary Dr Carlos Buede. 

Second Secretary Dr Moizfis Sabani 
First Treasurer Dr Israel Scherman 
Second Treasurer Dr Rivadflvia C Meyer 
Librarian Dr Carlos M Carrion 

SOCIEDAD PANAMENA DE OTORRINOLARINGOLOGIA 

President© Dr Manuel Preciado 

First Vice-Presidente Dr Alonso Roy 

Second Vice-Presidente Dr Carlos Arango Carbone 

Secretario Dr Marla Esther Villalaz 

Tesorero Dr Ramdn Crespo 

SOCIEDADE PORTUGUESA DE OTORRINOLARINGOLOGIA 

E DE 

BRONCO ESOFAGOLOGIA 

President© Dr Alberto Luis De Mendonca. 

Vice-Presidente Dr Jaime de Magalhaes 

1 ° Secretario Dr Antonio da Costa Quinta. 

2 • Secretario Dr Alb an o Coelho 

Tesoureiro Dr Jose Antonio de Campos Henriques 
Vogais Dr Teofllo EsquiveL 

Dr Antonio Cancela de Amorim. 

Sede Avenlda da Liberdade 65 1* Lisboa 

SOCIETY OF MILITARY OTOLARYNGOLOGISTS 

President Capt William C Livingood USN (MC) 

Secretary Treasurer LL Col Sanley H Bear MC 3810th USAF Hos 
pital Marwell AFB Alabama. 

Meeting Palmer House Chicago Ill 
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SCOTTISH OTOLARYNGOLOGICAL SOCIETY 

President E. A. M Connal, 1 Royal Crescent, Glasgow C 3, Scotland. 
Secretary-Treasurer Dr J P Birrell, 14 Moray Place, Edinburgh. 
Assistant Secretary Dr H D Brown Kelly, 11 Sandyford Place, Glas¬ 
gow 


SOCIEDAD COLUMBIANA DE OFTALMOLOGIA Y 
OTORRINOLARINGOLOGIA (BOGOTA, COLUMBIA) 

Presidente Dr Alfonso Tribin P 
Secretario Dr Felix E Lozano 
Tesorero Dr Mario Arenas A 


SOCIEDAD CUBANA DE OTO-LARINGOLOGIA 

President Dr Reinaldo de Villiers 
Vice-President Dr Jorge de CArdenas 
Secretary Dr Pablo Hernandez 


SOCIEDAD DE ESTUDIOS CL1NICOS DE LA HABANA 

Presidente Dr Prank Canosa Lorenzo 
Vice-Presidente Dr Julio Sanguily 
Secretario Dr Juan Portuondo de Castro 
Tesorero Dr Luis Ortega Verdes 

SOCIEDAD DE OTORRINOLARINGOLOGIA / 
BRONCOESOFAGOSCOPIA DE CORDOBA 

Presidente Dr Aldo Remorino 
Vice-Presidente Dr Luis E Olsen 
Secretario Dr Eugenio Romero Diaz 

Tesorero Dr Juan Manuel Pradales „ 

Vocales Dr Osvaldo SuArez, Dr Nondier Asia R, Dr Jorge Bergan 
Yofre. 

SOCIEDAD DE OTO-RINO-LARINGOLOGIA, 

COLEGIO MEDIO DE EL SALVADOR, SAN SALVADOR, C A 

President Dr Salvador Mixco Pinto 
Secretary Dr Daniel Alfredo Alfaro 
Treasurer Dr Antonio Pineda M 

SOCIEDAD ESPANOLA DE OTORRINOLARINGOLOGIA 

Presidente Dr D Adolfo Hinojar Pons 
Vice-Presidente Dr D Jose Perez Mateos 
Secretario General Dr D Francisco MaraflSs 
Tesorero Dr D Ernesto Alonso Ferrer 

SOCIEDAD MEXICANA DE OTORRINOLARINGOLOGIA 
Havre 7 —Desp 62 
Mexico 6, D F 

Honorary President Dr Ricardo Tapia y FernAndez 
President Dr MAximo Garcia Castafieda 
Secretary Dr Eduardo de la Parra 
Treasurer Dr Guillermo P6rez Vlllasante 
Vocal Dr Rafael Pacchiano 
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NOTICE TO CONTRIBUTORS 


The Laryngoscope reserves the right of exclusive publication 
of all articles submitted This does not preclude their publication 
in Transactions of various Societies 

Manuscripts should be typewritten, double spaced, on one side 
of paper only and with sufficient margins to allow for corrections 

Author’s name and city should appear directly under title on 
first page, street address at end of article 

All prints or photographs to be submitted m black and white, 
in good sharp contrast Good halftones depend upon clear photo¬ 
graphs Lme drawings for zincs to be in black and white Colored 
inks or red or blue quadnlle rulings will not reproduce 

References should be complete author’s surname, initials, 
title of article, Journal, volume, page, month, year 

Six illustrations will be furnished for each article without cost 
to author Authors will please limit illustrations to six or assume 
the expense of additional illustrations 

Proofs will be submitted to authors for corrections If these 
are not returned, articles will be published as corrected m this 
office 

Reprints will be furnished at the following prices 


WITHOUT COVER 



250 | 

Copies ] 

• 500 1 

Copies 

1000 

Copies 

2000 

Copies 

Four Pages 

$ 19 25 

$ 23 00 

$ 30 75 

$ 44 50 

Eight Pages 

53 50 

42,75 

58 50 

83 00 

Twelve Pages 

47 00 

60 75 

86.25 

131 50 

Sixteen Pages 

61 00 

78 75 

98 75 

146 75 

Twenty Pages 

76 00 

96.25 

129 50 

187 25 

Twenty four Pages 

88 75 

112 50 

150 00 

217.25 

Twenty-eight Pages 

97 50 1 

123J25 

162 25 

233 50 

Thirty two Pages 

115 00 

139 75 

180 00 

267 00 


WITH COVER 


Four Pages 

$ 37.25 

$ 46 50 

$ 61.50 

$ 88 75 

Eight Pages 

51.50 

1 66 25 

89.25 

127.25 

Twelve Pages 

65 00 

84 25 

117 00 

175 75 

Sixteen Pages 

79 00 

102 25 

129 50 

191.00 

Twenty Pages 

94 00 

119 75 

160.25 

231 50 

Twenty four Pages 

106 75 

136 00 

180 75 

261 50 

Twenty-eight Pages ! 

115 50 

146 75 

193 00 

277 75 

Thirty two Pages 

133 00 

163.25 

210 75 

311.25 


Express charges will be paid by consignee 

















SOUTH CAROLINA SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr James H Gressette, Orangeburg, S C 
Vice-President Dr Robert P Jeanes, Easley, S C 
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RHINOPLASTIC APPROACH FOR DERMOID CYSTS 
OF THE NASAL DORSUM 

Report of Three Cases * 


Ralph H Riggs, M D , 
Shieveport, La 


Reports of midlme deimoid cysts of the nasal doisum have 
appeared spoiadically in the Amencan liteiatuie since Rir- 
kettfs report 1 m 1901 Although the condition is not con- 
sideied lare, fewei than 75 cases have been leported The 
lesion is geneially agreed to be congenital, and its develop¬ 
ment is explained on an embryologic basis 

The puipose of this papei is to piesent the cases of three 
patients with dermoid cysts of the nasal doisum, on whom 
I have operated, and to discuss lhmoplastic procedures that 
may be helpful in such cases Previously descnbed approaches 
to this pioblem include midlme incisions, 3-9 honzontal in¬ 
cisions, 4 10 elliptical incisions, 4 an incision along the side of the 
nose between the innei canthus and upper part of the nasal 
dorsum, 11 external incisions (no other description) 1213 ex¬ 
ternal incisions, plus opening of the cyst into the nasal cavity, 11 
external incision plus bilateial osteotomy, 411 and mter carti¬ 
laginous incision plus septal opeiation 14 

As fai as I have been able to determine, theie has been 
only one case repoited m the Amencan liteiatuie m which 
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more space Aftei remo\aI of the cyst the nasal cavities were loosely 
packed to reposition the septal mucosa Pieces of autogenous nasal hone 
and boune cartilage were used to help repaii the defect The tissues 
were closed in lajers and an adhesive dressing was put on the nose 

On microscopic examination of a section of the ctst (see Fig 2) a 
cjst wall lined with stratified squamous epithelium was seen surround 
ing a slit like space containing desquamated squamous cells Hair follicles 
and sebaceous and sweat glands were present in the cyst wall At one 
level a foreign bodj inflammatory leaction had developed in an en 
vironment showing a number of sebaceous glands and hair follicles The 
microscopic diagnosis was dermoid C}st. 



Comment Aftei almost five yeais theie is no evidence of 
lecunence of the cyst, howevei, the bovine cartilage became 
paitly absoibed and was movable On June 16, 1957, intei - 
cartilagmous incisions weie made, and the subcutaneous tis¬ 
sues weie sepai ated fiom the nasal fiamewoik The le- 
mamdei of the bovine giaft was lemoved, the bony parts weie 
“freshened up,” and multiple pieces of despeciated bone weie 
inserted Fig 1-B, shows the patient five months aftei this 
opeiation 

At this wilting, seven months aftei the second opeiation, 
theie seems to be no absoiption of the inserted mateiial In 
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opeiation was not perfoimed thiough an external incision 
ovei and along the side of the external nasal pyiamid 14 Nat- 
uially, any case m which theie is an opening, 01 sinus, 
along the midline will lequiie an external incision to leniove 
this aiea 

Most of the lepoited cases have been fiom foui laige 
clinics, 410 * 12 and moie than one-half on the patients were 
opeiated upon by suigeons of anothei specialty The nud- 
lme incision seems to be the most favoied by the oto-ihino- 
laiyngologist Approximately 30 per cent of the patients 
had had pievious suigical tieatment (including incision and 
di amage) 

All authois agiee that the entue cyst must be lenioved 
In the most lecent article of Clawfoid and associates 10 total 
suigical lemoval is considered much moie satisfactoiy than 
cuiettage, chemicals oi the electnc cauteiy, as have been 
used by some m the past They also believed that an attempt 
should be made to lepaii any defect piesent, howevei, latei 
lepau may also be necessaiy 


REPORT OP CASES 

Cast 1 A white girl aged two yeais, had had a lump on her nose 
the pieceding si\ months Occasionally some drainage was notea 
the tip of the nose The child's maternal aunt has a small sue t 
between the innei canthus and the nasion 

On examination a xounded, semi fluctuant mass, measuiing *1 \ 1 J 01 ?’ 
was noted ovei the nasal dorsum (see Fig 1A) It involved most 
bony vault and upper part of the cartilaginous vault At tae tin s 
nose in the midline was a small depiession containing a hair 'ha 
perpendicular to the skin Slight pressure ovei the mass caused c 
material to escape from the opening in the tip Fiom palpat oi ^ 
impiession was gained that the nasal bones weie separated up ^ 
frontal spine, and that much less bone was piesent t) an is norI .. . 
a child of two >eais On pediatric examination no othei abnorn 
oi suigical contraindications weie detected 

On June 6 1953 aftei induction of endotiacheal anesthesia a 
incision w is made This was used because of the possible exten osef j 
the tumoi and the smallness of the nose The mass above was e 
it lav between the nasal bones and uppei third of the u PP er t a 
cartilages and extended about 3 mm Into the septum Below ^ 

stalk was followed to the tip wheie Its opening to the outside was ^ 
Anothei tract extended fiom the main bod> of the c>st upward a 
ward beneath the frontal spine to the region of the cribriform P 1 0 f 
be able to follow and visualize this tiact some of the medial use 
each lemaimng nasal bone had to be removed (this was saved 1 ; j t j 10U ~ 
lepaii later) The nasal cavities v\ere not enteied at anv time 
the septal mucosa was reflected about J mm on eac 1 side to 
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'Waters and lateral roentgenograms of the skull and facial bones were 
made A fairlj well defined radiolucent shadow in the nasal bone was 
seen only in the lateral views. 

On April 25 1955 after induction of endotracheal anesthesia incisions 
were made along the caudal margins of each lobular cartilage extending 
medialward into the anterior portion of the columella After both lateral 
and medial crura were uncovered the soft tissues over the dorsum and 
along the side of the nose were undermined up to the nasion. The space 
in which to work was limited because of the small nose. It was there¬ 
fore considered necessaiv to make an incision through the columella at 
its anterior extremitv After mobilization of this area excellent exposure 
was provided to the whole dorsum of the nasal framework The mst was 



Fig 3 Case 2 A—Preoperati\e viev showing small pit opening at tip 
B—Photograph two-and-one-half years postoperati\ el\ 


separating the upper part of the upper lateral cartilages extending up¬ 
ward beneath the nasal bones and had caused some separation of their 
caudal ends It also extended along the dorsum of the bony and carti¬ 
laginous septum and this caused the thickening noted on intranasal 
examination. As dissection was carried out around the cyst, it was 
necessary to remove part of the mesiocaudal margin of each nasal hone 
to afford working space. The upper extremin extended to the posterior 
cephalic region of the nasal bones A small elliptical incision was made 
around the opening in the tip to remove the external opening of the 
caudal tract. This was closed with nvlon sutures The bonv defect was 
filled with the removed bone and some isogenous cartilage The incision 
in the columella was sutured with nvlon A small amount of packing 
was placed in both nasal cavities and vestibules and an adhesive dressing 
was applied over the whole nose 

On microscopic examination of sections of the removed cvst fibrofattv 
tissue was seen containing an irregular cvstic space lined with stratified 
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such a case some substance has to be used to conect the 
defect Autogenous cancellous bone m the past has given 
the best lesults, but m such a young child, of course, it can¬ 
not be obtained If the giafts that weie mseited become 
absoibed, some kind of graft will have to be employed, not 
only to lelieve the defoimity but also to help keep the soft 



Photomkio-rrupli of (leimold tjst shouin), « 

•’ - aurroundliif. l "dlt <‘M i . 


Fltf C 136 1 riiuiuiim-iv^iuiui ui \iti 

lined with stratified squumous epithelium surrounding i . * t ' m j 

containing desquamated squ tmotis cells Hair follicles ami slo 
sweat glands art pit suit In the c\st wall H A r ) 


tissues stietched so that eventually, it necessaiy, autogenous 
cancellous bone can be used 

Cas< > A white girl fixe and a half xeais old had hid drainafe^ 
the tip of the nose since bhth During the pj ecedlng ^ar this oU> 

bled on se\eral occasions attei injui\ The child had always heti 
and lestless while sleeping ^ 

On examination at the tip of tlie nose in the muillne was ho^tfd a 
depression that contained iiaii peipendiculai to the skin (see 
With gentle pressuie o\ei tlie c u tilaginous doisuni a HiIcK c 1 cJft f 
terlal exuded On palpation the impiession was gained that ^ the 
iaginous doisum was son in the midline and that the caudal e ntran a>al 
nasal bones weie separated medialh moie than is n°inial1 &e p iu ni 

examination showed what was thought to be sonu thickness of t 
along both sides opposite the upper lateial cai til iges 
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bridge of bis nose since birth and at least one hair was always present 
At times it became infected and drained what was thought to be pus 

On examination a somewhat punched out area measuring 3x3 mm 
was seen on the nasal dorsum at the level of the caudal end of the nasal 
bones in the midline A few hairs were protruding (see Fig 5-A) no 
discharge could be expressed There was no external evidence of patho¬ 
logic alterations below or abo\e this area Intranasalh the septum was 
deviated in its bony portion bilaterally 

In lateral roentgenograms of the nose there was evidence of a radiolu 
cent area about 0 5 cm wide extending from the anterior tip of the nasal 
bones posteriori} for about 2 cm where it was obscured b\ the overlying 



Fig o Case 3 A—Preoperatne photograph shows hairs in the de¬ 

pression B—Photograph twentj-three months postoperati\el> 


bones of the skull In the postero-anterior view were noted deviation and 
definite widening of the nasal septum in its antero-superior portion 
where again there was a faint radiolucent area There was no evidence 
of destruction of bone The changes were suggestive of a lesion in the 
antero-superior portion of the nose, causing some erosion of the nasal 
bones and occupying and causing some widening of the septum anteriorly 
Iodized oil (Iodochoral®) was injected into the sinus tract’ and an 
other roentgenogram was made (see Fig 6) The tract extended from 
the opening in the anterior portion of the nose posteriorly for about 
4 cm where it was blocked apparently b> a soft tissue mass 

On Feb 22 1956 with use of a local anesthetic the septum was opened 
through a left heml transfixion incision and the left septal mucosa was 
elevated back to the bony deviation The cartilaginous septum was sepa 
rated from the bom septum and the mucosa over the right and left bom 
septum was elevated A bulging of the bonj septum previously described 
as a deviation was opened and found to contain a cvstic m ass This 
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squamous epithelium aiound which weie ludimentai} sebaceous glauds 
and bail follicles containing hah shafts Seveial shafts weie within the 
lumen of the cyst Adjacent to the cjst in one section was a foieign bod\ 
leaction about hail shafts, due appaientb to ruptuie of the c>st at one 
point not disclosed in these sections The microscopic diagnosis was 
deimoid c\st (see Fig 4) 

Comment In this case the descnbed appioach was ade¬ 
quate, and no defoimity has lesulted aftei thiee yeais One 



Fig 4 Photomicrograph of dermoid c>st in Cases - scnianiou-> 

tissue containing- an lriegular cystic space lined with st rau i hair 

epithelium around which are rudimentary sebaceous M an 
follicles containing liaii shafts (X-JO H i E ) 


week aftei the initial diessing the child's family lepoite 
she was not so neivous as befoie opeiation, that s ie " 
bieathmg well thiough hei nose foi the fust time in her i < 
and that she was able to sleep without making noises, 
nightmaies and pulling off the covei Dunng the ens ^‘ 
tluee yeais this lesult has peisisted The paients also at ^ 
that they, too, have been somewhat lehabilitated, in 
what they call having a noimal child 
Case J A white man 29 'ears of age hid had a ‘deformity 
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narrowed as it was uncovered posteriorly and extended almost to tlie face 
of the sphenoid (see Fig 7) The cjst uncovered in the bon> septum 
was opened and contained a cheesy material An elliptical Incision was 
made around the external opening and the soft tissues were undermined 
The stalk was dissected down between nasal bones and upper lateral 
cartilages and then followed into the exposed area in the septal space 
All attachments were severed and it was removed To correct the de¬ 
formity between the nasal bones and also to help narrow an abnormally 
wide bon> \ault bilateral osteotomy and infracture were performed 
Bone was replaced between the septal flaps and the incision m the septum 



'was closed The external incision was closed in lasers after some auto¬ 
genous bone and septal cartilage had been placed over the dorsum Ad 
hesive and stent dressing was applied 

On microscopic examination of sections of the removed specimen a 
channel or cavity lined with stratified squamous epithelium containing 
epithelial debris and blood was seen (see Fig 8) In the wall surround 
ing the c\st numerous hair follicles and sebaceous and sweat glands were 
present The microscopic diagnosis was dermoid cjst 

Comment All of the cyst was lemoved thiough the septal 
exposuie except, of course, the external poition Two othei 
cases of cysts of the septum 1111 have been leported, but they 
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terlo? extt^sfon^fs^ifot 1 "? > w e 5 fter Injection of Iodized oil Th< 
structed Its flow visualized because the contents of tlie c>i 
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pathologic alteiations found Intel cartilaginous incisions will 
piovide good exposuie up to and including the frontal spine 
One may also iemo\e a mid-doisal cyst and inspect the 
aiea postenoi to the nasal bones and fiontal spine if the 
c}st extends into this aiea It is also possible to go down 
into the nasal septum thiough the uppei lateial cartilages 
and combine this pioceduie with a septum operation foi com¬ 
plete lemoval of a cyst This was part of the pioceduie 
descubed by Jueis, 14 and was used m Case 3 heiem leported 

If the stalk comes down to the tip, anothei appioacli is 
possibly bettei Incisions may be made along the caudal 
ruaigms of both lobulai cartilages (the slot incision descubed 
by Cottle 15 ) extending down along the columella The tissues 
external to the cartilage aie uncoveied, and the surgeon, 
continuing upwaid, may uncovei the whole pyiamid By 
adequate and caieful dissection the pathologic alteiations can 
be visualized and lemoved piovidmg the nose is not too small 
In an extiemelj small nose, to obtain moie woikmg space, 
the columella can be seveied at its antenoi extiemity, as was 
done m Case 2, this leaves only a minimal scai 

Another helpful pioceduie is osteotomy Its use has been 
leported pieviously m two cases 4 This helps, m that the 
bony doisum may be nanowed, it also helps to collect a 
deformity aftei part of the bone has been removed and helps 
msuie foimation of a good roof ovei the bony vault 1 * This 
piocedure was used m Case 3 

A secondary opeiation to coriect a deformity cieated by 
the cjst and its lemoval is essential m some cases 10 Heie 
again ilnnoplastic piocedures aie invaluable, since most of 
these probably lequne attention to the bony doisum This 
aiea is easily leached thiough the mteicartilaginous incisions 
Such a pioceduie was used m a secondary opeiation m Case 1, 
m which the lemamdei of an old giaft was lemoved, and 
some other giafts weie reinserted It is also possible to 
voik m this aiea thiough the slot incisions should additional 
proceduies need to be performed on the cartilages of the 
lobule 
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weie both located m the septal cartilage, also in the cases 
leviewed only two osteotomies 411 had been peifoimed and 
they weie not associated with the septal cases 

At this wntmg, piactically two yeais postopeiatively, theie 
is no evidence of lecunence of the cyst A senous psychologic 
pioblem has become gieatly impioved 



Fig S Photomicrograph of dermoid cyst In Case 3 »howlj K . un d 
lined w Ith stratified squamous epithelium containing - epltiieiui u ml 

blood In tlie wall surrounding the c>st numerous hair \ 
sebaceous and sweat glands art present (X-20 H E ) 


DISCUSSION 

No loutme opeiative pioceduie can be employed in these 

cases because the pathologic piocess vanes Even thoug 

incision ovei the nasal doisum does not cause a bad deforn » 
theie is a seal In patients who have only the snia 
opening” at the tip, and those who have a mass along 
junction of the uppei lateial cartilages and the nasa on^ 
the possibility of using a lhinoplastic pioceduie is iea * 
uially the pioceduie used depends upon the diagnosis 






PERNASAL TRANSSPHENOIDAL YTTRIUM IMPLANT 
OF THE HYPOPHYSIS 
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In 1953, Luft and Ohveciona demonstiated the beneficial 
lesults that could be obtained with hypophysectomy in certain 
cases of advanced cancel Aftei much experience it now ap¬ 
peals that only the hormone dependent cancels of the bieast 
and piostate aie likely to benefit 

As a lesult of the mteiest m hypophysectomy, numeious 
xoutes to the gland have been used, and methods of excision 
01 destiuction employed The aim, of couise, is to devise a 
simple opeiation which will cause minimal distiess to the 
patient, as many of these coming to this type of suigeiy aie 
seveiely debilitated, at the same time it is necessary to msuie 
effective destiuction 01 lemoval of the gland 

It is as well to lecall some of the loutes which have been 
used m the past to leach the hypophysis Although the tians- 
cianial loute was one of the fust to be used, the mortality 
rate was so high that by the end of the fust decade of this 
Century mteiest was being developed m the nasal xoutes, 
but even with the tiansseptal, 2 lateial ihmotomy, 3 sublabial 
loutes 456 and then numeious modifications,' 6 ' the mortality 
late m some senes lan as high as 30 pei cent By the 1930’s 
the gieat advance m neuiosuigical techniques, and the need 
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Rhinological and Otologlcal Society Chicago 111 Jan 14 195$ 

tFrom the Departments of Otolaryngology and Radiolog\ The ITniter- 
sity of Chicago 

^This work u as assist d in part by a grant from the Damon Punyan 
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Editor’s .Note Thfs manuscript receKed in The Lami^oscope Office and 
accepted for publication Feb 5 195$ 

711 



710 


RIGGS DERMOID CYSTS 


SUMMARY 

Thiee cases of midline deimoid cysts of the nasal doisum 
have been piesented Attention is called to the feasibility of 
using lhmoplastic pioceduies m applicable cases with the idea 
of leaving less visible postopeiative defects 
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a souice of Gamma lays, m the form of two tubes by the pei- 
nasal tiansphenoidal loute with the assistance of a compli¬ 
cated head holdei and needle dnectoi The pioceduie is 
conti oiled by intermittent ladiogiaphy Radon was used 
because Pattison and Swan 14 in 1933 successfully tieated a 
case of basophil adenoma of the pituitary by introducing two 
ladon tubes into the sella tuisica through the tianscianial 
loute Fonest found that the Gamma madiation xequued 
to destioy the pituitary also affected suiioundmg stiuctuies 
such as the optic neives, theiefoie, yttnum 90 with its high 
activity ovei a short ladius is now being used 

Fiom the expeiimental woik of Mannelli 15 it was con- 
sideied that complete destruction was moie likely to follow 
the implant of multiple disci ete souices, 1 mm by 2 mm of 
yttiium, latliei than the two laigei souices, 2 mm by 6 mm , 
as used by Fonest, howevei, it was obvious that the nasal 
loute held many advantages, the most important of winch 
was the lowei mortality late, and adequate local anesthesia 
was consideied sufficient to perform the nasal opeiation, a 
consideiable advantage when dealing with these latliei de¬ 
bilitated patients 

It was felt that only undei dnect vision could the needle be 
dnected tlnough the nose to the anteuoi wall of the sphenoid 
sinus without mjuimg the nasal mucosa, and that only with 
the assistance of image mtensifieis (Mullei Suigex units with 
Phillips mtensifiei tubes) could multiple yttiium beads be 
deposited with any degiee of accuiacy thioughout the pitu¬ 
itary gland The image mtensifieis peimit continuous fluoio- 
scopic guidance thioughout the pioceduie without exceeding 
the peimissible exposuie dose to the suigeon 

The method evolved is as follows Undei piemedication of 
Nembutal 180 mgm , given two houis, and Demeiol 100 mgm , 
given one houi befoie opeiation, the patient is biought to 
the opeiatmg loom and very caiefully positioned on the table 
with the occiput low m a modified Rose's position (see Fig 
1) The leason foi this position is to allow the axial image 
mtensifiei to be bi ought into place This positioning must 
be done with great caie and gentleness m those patients with 
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oxpeneice n iias de been Ct ‘°t, ° f ““ gia,ld ’ P1 ° bab ^ *■<»«* 

Cleaningnumbe, smf:lcal exc,s,on ’ «» 

m which the P-iflna CaS6S 316 bemg sub -> ected to pioceduies 
External iadnf n ls oeciotized by implanting ladioisotopes 

at piesent m an 101 - ^ 10dS ’ SUcb aS pioton beam theiapy, aie 
is veiy limited eXpeiImental stage, and expenence with them 

giJuDs me n!! 10d , d r Se T d 18 based mam] y on the WOlk of two 
Umveisity of Glasgow *™ 1 *° f Chlcag0> the othei at the 

Chica^n US nf n io« 1Pei 3nd Kenned J r >" of the Umveisitv of 
emittei ’ f suggested that yttnum 90, a ptue Beta 

descnherM in ! panted In the foim of multiple disciete beads, 
hvnonbvc ^ lsie ^leski 1 - in 1950, could effectively destioy the 
the hear? 1S j 16 ^ ansci ania l loute was used foi placement of 
thono-h +\’ ai ) V 1 piac t lce it has become obvious that e\en 
tion npfi. 16 f a j K 1S undei dl iect vision at the time of opeia- 
Unfm inn t i 6 d ® P0slt,0n of the beads is exceedingly difficult 
diffirnlf t 6 uf C Ue t0 tbe Veiy na tuie of the opeiation, it is 
Do'sitfrm ti° ° a f. m a ^ le ^ d f lee °f metal impedimenta and to 
ladiol le patlen t’s head, so that the use of continuous 
attenr]#v? C ) C °ti 10 1S piac t lca E fuitheimoie, the opeiation is 
neu y . le USU£d mortalitj r iate, associated with such a 

euiosiugical pioceduie undei geneial anesthetic 

Foi lest 13 and his associates, of the Umveisity of Glasgow 
lepoited in 19o6 then lesults obtained by implanting radon, 
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to the antenoi wall of the sphenoid sinus Heie the position 
of the tip and daection of the needle is checked by the in¬ 
tensifies m both the axial and lateial views befoie the tip 
of the needle is advanced into the sphenoid sinus Into the 
sinus m instilled 1 5 cc of a penicillin topical thiombm solu¬ 
tion, each cc of which contains 10,000 U of penicillin and 
200 U of thiombm Undei continuous guidance the needle 




Fig* 2 Special instruments for introducing yttrium beads a Stillette 
which passes through cartridge (c) and cannula (b) b trocar and can¬ 
nula (17 gauge) c adapter for connecting syringe to cannula (b) during 
installation of penicillin thrombin solution d cartridge when mounted on 
stand (f) bead dropped Into left end and pushed home with cartridge 
pin (e) 'while spring on transverse cy Under Is compressed on releasing 
spring bead Is trapped In cylinder quartz window permits observation 
of bead on Its waj through cartridge when stillette (a) Is introduced 
e cartridge pin f stand for cartridge during loading 


is advanced into the medial portion of the left half of the 
pituitaiy A postenoi bead is deposited befoie withdiawing 
the tip a few mm and depositing an antenoi bead The tip 
of the needle is then withdiawn into the sphenoid sinus and 
the needle angled lateially befoie being advanced once moie 
into the gland Again a postenoi and an antenoi bead aie 
deposited, and this time in the lateial portion of the left 
half of the gland Similai maneuveis aie earned out on the 
light side (see Fig 3) 
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spinal metastases, as any extieme degiee of ceivical extension 
will cause pam 

Local anesthesia is then induced with cocaine, 5 pei cent, 
by instilling 0 5 cc into each nostnl with the head in tlnee 
positions fust with the head turned to the left, then to the 
light and finally in the rmdlme Occasionally when the 
optimum position of the head and neck cannot be obtained the 
anesthesia is supplemented with a Sludei block (see Fig 1) 



At this stage the face is piepaied and diapes applied * 
two mtensifieis aie also diaped and biought into P osl 1 
The yttnum beads, 1 mm by 2 mm, with an acti'i \ 3 
appioximately 1 me, aie then loaded into the cai 
undei watei One cm of watei gives adequate s ue i 
fiom the uiadxation of these beads 

The stiengthened 17 gauge needle (see Fig -) 1S 
passed into the left nostnl and guided undei duec ' s 
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ment has not been started until signs of hypothyioidism 
develop, and this does not occui foi at least two months 
postopeiatively 


MATERIAL 

Although some 40 of these opeiations have now been cai- 
ned out since June, 1957, only the fust 26 will be xeviewed, 
foi at least two months aie lequiied to determine the effects 



Fie -4 H and E. X 9 Pitultarj obtained 15 daj s postoperati\ el> from 
C\se 1 showing almost total destruction 


of the pioceduie It is as well to point out at this stage that 
these cases weie unselected, msofai as no consideiation was 
given to the age and geneial condition of the patient, the 
type of the pumaiy tumoi 01 site of metastases and pievious 
ti eatment leceived by the patient They weie all consideied 
to be unlikely to benefit fiom fuithei suigeiy, ladiotherapy 
oi endocune theiap>, furtheimoie, the eaily opeiations 
weie performed on patients who weie m a very advanced, 01 
even teimmal stage of metastatic disease 
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Geneially eight beads aie implanted, but as many as 11 and 
as few as six have been used Vanations m the size of the 
sella and the aecuiacy of deposition of individual beads de- 
tei mines the total number deposited Vanations m the posi¬ 
tion of the nasal and sphenoidal septum can be an incon¬ 
venience, but do not pi event an adequate implant Senal 
sectioning o± the few pituitanes obtained at autopsy have 
levealed that an aveiage of bettei than 90 pel cent destruc¬ 
tion has been obtained by this method (see Figs 4, 5) 



Fig 3 Implant obtained In Case 1 Lateral nnd n\ial \1 l\\3 


Even seveiely debilitated patients stand the outlined P 10 " 
ceduie veiy well On two occasions, howevei, it has been 
necessary to give an additional 50 mgm of Demeiol intia 
venously while the patient was on the table Only one P a ien 
was deemed unfit foi operation, when she became dioivsy an 
confused on the day tentatively planned foi opeiation, sie 
died nine days latei 


MAINTENANCE 

A rj 

All patients subjected to this pioceduie have xequu ‘ 
maintenance dose of Coitisone, on the aveiage this has e ^ 
50 mgm daily Pitiessin tannate has been admmisteie ^ 
those patients developing diabetes insipidus Thyroid iep a 
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with a IVth neive paialysis This is erubariassmg foi the 
patient, due to the dioopmg of the lid, but is no leal handicap 
Two developed a tempoiary VIth neive paialysis, which 
was latliei distiessmg, due to the double vision which le- 
suited One case of Illid nerve paialysis has staited to cleai 
aftei being piesent foi two months 

Examination of pituitanes obtained at autopsy have con¬ 
tinued the suspicion that these paial^ses anse fiom placmg 
beads too fai lateially The technique has been modified 


table i 

Complications in 26 Operations 


Extra-ocular \ palsies ____ , , 

10 

Cerebrospinal rhinorrhea _ _ 

4 

Meningitis _ . _ __ ____ _ _ _ _ 

2 

Anesthesia of face__ _ _ _ _ . -.- 

1 



accoidmgly Suigical tiauma at the time of opeiation plays 
no part m this complication, as the onset of paialysis is fiom 
the thud to the sixtieth day 

Using this loute it was expected that ceiebiospmal ltnnoi- 
lhea might piesent—it has oceuned m foui patients In 
two patients it lasted for a numbei of months One was the 
patient alieady mentioned, who was suspected of having 
died fiom meningitis two months postopeiatively The othei 
was a man who had metastatic carcinoma of the piostate 
The lhmorrhea lasted two-and-a-half months, but the patient 
has nov letumed to noik The two othei cases of lhmonhea 
weie of a very tempoiary natuie 

Starting with the twentieth case topical thiombm has been 
injected into both sphenoid sinuses, with penicillin, at the 
time of operation, as indicated It is interesting that all 
these cases of lhmoiThea oecuned within the fust 14 opeia- 
tions, but this complication still occurs In the last 26 cases, 
two have developed tempoiary lhmonhea 

Meningitis was encounteied twice first, m the patient 
who is suspected of having died from this complication, and 
the othei, m a patient nho against advice blew hei nose 
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MORTALITY 

Of the 26 cases undei leview theie weie no deaths dnecth 
due to the pioceduie One patient died two months post- 
opeiatively, and fiom the doctoi’s account of the teinnnal 
stage death piobably lesulted fiom meningitis Unfoitun 
ately, autopsy was not obtained This patient had developed 
a peimanent ceiebiospinal lhmonhea two weeks postopeia- 
tively, and although she xetuined to the hospital it was 



decided that she was unfit to undei go tiansciamal closure 
of the defect, and was sent home again This indicates ia iel 
well the “pool lisk” cases that stand the pioceduie so sa is 
factonly 


COMPLICATIONS 

TIuiteen out of 26 patients developed one oi moie of these 
complications 

By fai the most fiequent complication, oculai netve ^ 
lalysis, developed in no less than 10 patients Eight su ei 
fiom a Illid neive paialysis, eithei alone oi in com ina 
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impan merit, fiontal lobe or hypothalamic damage, oi biam 
abscess formation such as have been leported in othei senes 

RESULTS 

Of these 26 patients 21 had a pi unary lesion of the bi east, 
foui of the piostate and one of the ovary 

table n 

Operations Performed 


Performed for Metastatic Carcinoma of Breast (F—20 M—1)-21 

Performed for Metastatic Carcinoma of Prostate_— 4 

Performed for Metastatic Carcinoma of Ovarv_ 1 


Total_26 


CANCER OF THE BREAST 

The 21 cases of metastatic cancel of the bieast consisted 
of 20 females and one male 


table m 

Carcinoma of the Breast 


Surviving— 

Unchanged_5 

Improved__ 10 

Dead— 

Unchanged _ 5 

Improved___ 1 


Total___21 


Eleven appared to benefit from the operation 


The estimation of the lesult of the opeiation is based on 
clinical obseivations such as cessation of vomiting, mciease 
m appetite, weight gam, changes m size of cutaneous 01 sub¬ 
cutaneous lesions and X-ray studies of metastatic lesions 
Symptomatically, lelief of pam has been the most diamatic 
feature of those gaming benefit from the pioceduie, how¬ 
ever, only four have shown a tiue legiession with sclerosis 
of esteolytic deposits, etc (see Figs 6, 7, 8) 
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S “ ffeled a tempoiaiy leak of ceiebiospraal 

thefanv P t me “ m « ,t,s Th ‘» ^sponded to antib,ot.c 

tneiapy and the lhmonhea ceased 

Duung- two pioceduies pellets weie misplaced In one it is 
assumed that they enteied the ciama! poition of the left 
caiotid and weie whipped into its blanches, two settling- in 
the distribution of the middle ceiebial of the same side, and 
anothei entered the cncle of Willis, mossed to the othei side 



Fig - fa Lateial and a\lal \Ie\\s of Implant obtained In Case 9 


and came to zest m the distnbution of the antenoi ceiebial 
aiteiy Theie weie no aftei effects 

In the othei case a pellet came to he at the light petious 
apex As a consequence of this the patient has developed a 
mild sensoiy loss on the light side of the face in the dis- 
tubution of the ophthalmic and maxillaiy divisions of the 
Vth neive 

Although the complication late m this senes has been 
fanly high it can be ieduced with expellence This is evi¬ 
denced by the absence of any complications following opeia- 
tion in the last ten patients subjected to this pioceduie since 
Decembei 1, 1957 

Theie have been no instances of anosmia, visual 



Fig: S X-rays of pel\ Is before and 10 weeka after operation In Case 9 


C VRCINOMA OF THE PROSTATE 

All foui patients showed impiovement after yttnum im¬ 
plant This was evidenced by letum of appetite, disappear 
ance of bone pain, lesumption of ambulation 01 letum of 
normal uimaiy function 

The patient who had metastatic caxcmoma of the ovary 
did not gam any benefit fiom the opeiation 
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Ra\ Point Source for Destruction of the Hypophysis Surg Forum f I 6SI, 
1953 

12 Kisieleski, IV Svihla G and Brues A. M Preparation of 
Radioactive Glass Beads Science 112 400 1950 

13 Forrest, A P M f Peebles Brow > D A # Morris S R and Illing- 
worth, C F W Pituitary Radon Implant for Advanced Cancer Lancet , 
1 399 1956 

14 Pattisoy A. R. D and Sw vn W G A Treatment of Pituitary 
Basophilism Lancet f 234 1265 193S 

15 M\ri\elli, L D Qlimby E H and Hi\e G J Dosage Deter 
mlnatlons with Radioactive Isotopes II Practical Consideration in 
Therap\ and Protection Amer Jour Roentgenol 59 260 2S1 Feb 194S 


REHABILITATION OF THE LARYNGECTOMIZED 

The Umveisity of Texas Postgiaduate School of Medicine 
and the Houston Speech and Hearing Centei will piesent the 
second tiaming couise in “The Rehabilitation of the Laryn- 
gectomized” flora June 9 thiough 20, 1958 

The couise this yeai will be alteied in seveial ways as a 
lesult of expei lenee gained fiom last yeai’s piesentation and 
will covei Vocational Adjustment, Anatomy of the Speech 
Mechanism, Noimal Speech and Voice Pioduction, Esophageal 
Speech and Voice, Laryngeal Suigery, Radiation Theiapy, 
Facts about Cancel and Techniques m Teaching Esophageal 
Speech 

The geneial piesentation will combine both the clinical 
and didactic appioach 

Applications foi Tiaineeships, which aie limited m numbei, 
should be made as soon as possible, and will not be consideied 
aftei May 19, 1958 

Inqumes conceinmg this couise should be dnected to The 
Umveisity of Texas, Postgiaduate School of Medicine, 410 
Jesse Jones Library Building, Texas Medical Centei, Houston 
25, Texas 
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CONCLUSION 

As has been stated, virtually all patients lefened with ad 
vanced cancel of the bieast and piostate have been accepted 
foi this pioceduie It is felt that with bettei selection of 
cases the peicentage of patients benefiting will mciease, and 
with moie expenence and knowledge gained fiom autops) 
studies the complication late will continue to deciease 

SUMMARY 

Routes to the pituitaiy and methods of destiuction aie 
reviewed 

A simple method of yttnum implant of the hypophysis with 
continuous fluoioscopic conti ol and undei local anesthesia is 
outlined 

The lesults, obtained by 26 such pioceduies peifoimed on 
patients suffenng fiom advanced cancel aie piesented* 
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foie, tiled maneuveis m winch a locking force was applied 
thiough the incus and mcudo-stapedial joint This lesulted m 
a gieatei success late, but ciural fiactuies weie still too fie- 
quent, and it soon became obvious that many fixed footplates 
could not be mobilized by foices exerted thiough the ciuia 
The proceduie passed lapidly, theiefoie, into the next stage 
m the evolution of methods to mobilize the footplate, this 
being the dnect method by which cutting, prying, hammenng, 
needling, chiseling and drilling techniques aie used dnectly 
on the maigins of the footplate Among the, first to use the 
dnect method extensively in this country weie House- and 
Goodhill, 3 ^who needlecLthe maigins of the footplate, wheieas 
in Europe, Heermann 4 of Essen leported success with chisels, 
and Meurman 5 of Helsinki with seriated knives More re¬ 
cently, Portmann 0 of Fiance and Shea" m this country have 
utilized a micio-dnll to lyse otoscleiotic foci, but then ex¬ 
pel lences aie, as yet, not adequate to pi edict whethei the 
method will enhance existing techniques 

I (H F S ) visited Piofessoi Zollner at the Umveisity of 
Fieibuig in Novembei, 1956, and saw him demonstiate the 
method of mobilizing the stapes with the chisels of Heei- 
mann I used these instruments on a senes of patients, and 
when Heermann attended the International Congiess of Oto¬ 
laryngology m Washington, D C , m May, 1957, I had an 
opportunity of discussing the method furthei with him 
Since that time, I have been using the chisels exclusively m 
all oui mobilization opeiations The eaily lesults aie good 
enough to justify enthusiasm for the method, and the mam 
purpose of this papei is to describe the technique and to pie- 
sent oui expeilences with it We will also show oui results 
with pievious techniques 

GENERAL INFORMATION 

Oui indications foi suigery have been the same fiom the 
beginning, le, any patient with a clinical pictuie of oto¬ 
sclerosis who has a bilateral air conduction hearing loss 
ayeTaging ovei 30 db foi the speech frequencies (500, 1000, 
2000), with no restrictions as to age oi level of bone conduc¬ 
tion thresholds Patients who have no chance of improving 



RESULTS WITH THE CHISELS IN STAPES 
MOBILIZATION * 


Harold F Schuknecht, M D ,7 
A Bruce Geaham, Ph D ,** 
and 

Mary Rose Costello, Ph D 
Detioit, Mich 

When the stapes mobilization opeiation was fust descubed 
Jjy Rosen m I954 1 theie weie many skeptics Some said that 
the opeiation was doomed to faihue_ because labyuntlutis 
was apt to ensue m many patients, some felt ceitain that 
eaily le-ankylosis would occui, and otheis said that the opeia¬ 
tion had been tued befoie and discaided because of pool 
lesults Time has shown that this eaily skepticism was not 
justified, foi th e gieatei piopoition of successfully mobilized 
patients have not expenenced le-ankylosis, and veiy few 
have had senous complications We must attubute much of 
the success of the stapes mobilization opeiation to the inven¬ 
tion of the opeiatmg micioscope with built-in light, which 
finally has piovided adequate visualization foi the otologists, 
and to the development of antibiotics which aie used to ie- 
duce the incidence of post-opeiative infection 

The technique of mobilization has undeigone a lapid tian- 
sition fiom the ongmal Rosen method to d nec t footplate tech¬ 
niques which have lesulted in a highei peicentage of success¬ 
ful lesults The onginal technique descubed by Rosen con¬ 
sisted of applying piessuie to the neck of the stapes so as to 
mobilize the footplate by tilting it in the oval window Man> 
otologists, including Rosen, weie dissatisfied with the lesults 
because of the high incidence of ciuial fiactuies and, there* 

•Rend at the meeting of the Middle Section American LaOnS° 1 I i >< g ca ' 
Rhlnologlcai and Otologicnl Socletj Inc Chicago Ill Jan 13-H lJ " . 

tAssociate Surgeon Division of Otolarj ngologj Henr> Ford Ho“P 
Detroit lllch 

••Audiologist Section or Audiolog} Division of Otolar} ngolog} "e > 
Ford Hospital Detroit Mich j 

Editors \"ote This manuscript received in The Larjngoscope Office 
accepted for publication Jan 27 135S 
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speech audiometei, in. a two-ioom testing unit, using moni¬ 
tor ed live voice techniques 

Thiesholds foi bone and an conduction tluoughout have 
been stated m teims of the equivalent SET as determined 
by the Fletchei formula The Fletchei formula is the avei- 
age of the two best threshold 1 espouses foi 500, 1000 and 
2000 c p s 


TILT NEEDLE CHISEL 



Fig - 1 Chart showing the operatHe method number and date of 269 
stapes mobilization operations 


CLASSIFICATION OF RESULTS 

1 Successful 

a 30 db oi bettei puie tone thieshold 
b 20 db oi smallei bone-an gap 

2 Impioved 

10 db oi moie impiovement of puie tone tlueshold but 
not successful 

8 Unchanged 

Less than 10 db change of puie tone thieshold 
U Healing Loss 

10 db oi moie loss of puie tone thieshold 
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STAPES MOBILIZATION 


ca"e a „“ 3 “™ t0 levels be- 

ful mobilization weie usually « S eat| d ' 7 ° eiPe ‘ IenCe as “ ccess ' 
affoided by the ]owei amn^ f eatly Phased with the comfoit 
with the pool est he ai m ampllflc 1 atlon 1 e( iuu ements The eai 
if the heanne- V?' ahvays opeiated fust, and onh 

opposite eai on 1 ? oT° nd the ° PP ° slte 631 was the 
osis weie subiected t atlents with umlateial otosclei- 
heanne’ loss 1 W 1 SUlgeiy only if they felt that then 
of269 eais) ^ 0ccupa ^ 10na ^ 01 social handicap (seven 


by the weie per ^ 01me d with local anesthesia 

loune wei p , ^ PaniC ^ The head llght and 2 5 P°™ 
with thP 1 a * f01 „ S0me eaiIy cases > but neaily all weie done 
veai tin d i° f 3 ZjiSS opeiatin S micioscope Foi the past 
> s ms lument has been used foi the entne opeiation 


fnllnwin 16n S weie dlsc haiged fiom the hospital the day 
i suigeiy unless they complained of veitigo Tetia- 

- ne ' —r- every six houis, was given foi five da\s 

post-opeiatively 


CRITERIA OP SUCCESS AND FAILURE 

We have not lated oui patients into classes of piedicted 
success, as is done foi patients being consideied foi fenestia- 
ion suigeiy, because foi stapes mobilization we aie not le- 
io^ 1C ( t k° ne conduction levels Fiom Octobei 25, 

, o Decembei 1 , 1957, two hundied and sixty-nine mobili- 
za ions weie peifoimed, most of these being peifoinied in the 

H? S fiT eai ^ ave ^ e teimined the success late foi each of 

ne thiee gioups of patients m which the tilt (22 eais), needle 
p anc ^ chisel (144 eais) techniques weie used (see 

We (A B G and MR C ) admmisteied all puie tone tests in 
acous ically-tie a ted looms with an ambient noise level of less 
lan d m the cutical fiequency bands with conimeicialh 
aval a le clinical audiometeis The cahbiation of each audi- 
ometei was standaidized legulaily with the Allison calibia- 
tion unit, Model 3A Speech tests weie admmisteied eithei 

with the above equipment oi, using the legulaily calibrated 
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The lesults weie fai moie giatifymg than those accom¬ 
plished with the tilt technique, but at the end of six months, 
20 pei cent of the eaily successes had again lost then gam 

CHISEL METHOD 

Wheieas the mdd and model ate ankylosis could be mobil¬ 
ized quite satisfactory with needles, the method was not 
often successful in mobilization of the moie seveiely ankylosed 
footplate The next logical step was the use of chisels to cut 
thiough the otoscleiotic foci Foi the development of the 


TABLE II 

Needle ATethod—106 Ears 


Early Results (1 mouth) 

Successes Threshold ___ _ _60 

Bone-Air Gap _ _ __ _ 6 62% 

Improved_ 11 10% 

No Change____ _ _27 26% 

Loss ^ ___ _ __ _ __2 2% 

No Early Record__ 1 1% 

Late Results (Average 6 months) 

Successes Threshold _ _ „ _ _____44 

Bone-AIi Gap__ 6 47% 

Improved__ 10 9% 

No Change ___ _ ___ 33 31% 

Loss___ _ __4 4% 

No Late Record _ 9 9% 


technique and the design of the mstiuments, we aie indebted 
to Heeimann I may not use the mstiuments in piecisely 
the mannei that he does, but this is not important as long 
as the end lesult is lysis of the stapedial footplate m continu¬ 
ity with one oi both cruia Heeimann fust designed a slight¬ 
ly; cuived and a stiaight chisel* which I now refer to as the 
“heavy” models and which I use fust on all but the very thin 
otoscleiotic foci About six months ago he designed hghtei 
models which I use continuously, and lefei to as the curved, 
levelsed-curved, and stiaight “light” models In oidei that 
the leadei may gam a cleai impiession of the shape and size 
of the chisels m i elation to the stapes, they aie shown to 
scale in Fig 2 

*A\allable from F L. Fischer Co Freiburg im Breisgau Geiman> 
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The thiee gioups weie lated m teims of eaily and late 
successes, the eaily successes being deteimined by audiometnc 
tests taken about one month aftei opeiation, and the late 
successes thiee months 01 longei aftei opeiation, thus, the 
aveiage time aftei opeiation foi the late tests was eighteen 
months foi the “tilt” eais, six months foi the “needle” eais, 
and foui months foi the “chisel” eais 

tilt technique 

Aftei I fust saw Rosen demonstiate his method in October, 
1954, I attempted to follow it As much as I dis 1 e inin¬ 
ducing new teimmology, I cannot bung myself o es 
my own attempts to mobilize by applying piessuie to t le 


TABLE I 

Tilt Method—22 Ears 

Success 

Eaily (1 month) 

Late (aveiage IS months) 

Improved 
No Change 

Loss _ — 



6 

12 


of the stapes as the “Rosen method”, foi to d ^ 

no compliment to Rosen .Obviously he had develope ^‘ 8 at . 
of skill in applying this foice which elude » cliua i 
fempts to lock oi tilt the stapes veiy often lesulte 
fiactuies The lesults aie shown in Table 1 

NEEDLE TECHNIQUE 

I was veiy giateful when House and Goodhill.„!*Tof the 
then techniques m Januaiy, 1956 , whici c a 

skillful application of .foice to the head o tting the 

needle and, if that failed, by piymg, P uslnng ^ t caie being 
maigins of the footplate with shar p needles gn ** g t he 

dnected at mobilizing the footplate witho needles to 

ciuia Duung 1956 and eaily 1957 I u i Results 

the best of my ability on one hundied and si 
aie shown in Table II 
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sary, to acqune the best possible view of the ciuia and foot¬ 
plate I make no attempt to mobilize the stapes with tians- 
mcudal 01 tians-capitulum foice, but pioceed. immediately to 
make the fust chisel placement antenoi and adjacent to the 
antenoi cius so as to cut thiough the antenoi otoscleiotic 
focu s 



Fig: 3 a. Sites of injection for anesthetic agent (3 dots) and location 
of meatal Incisions (broken line) b Typical \iew of operatUe field 
Center Method of placing chisel utilizing 10 to 16 power magmificatlon 


A handle can be purchased to hold the chisels, but I piefei 
to hold the chisel m position by giasping the small tab located 
on the shaft with the baie fmgeis of eithei the left oi the 
light hand, whichevei is the most convenient, while the 
oppositie hand holds the speculum The nuise 01 assistant 
taps the chisel with a small hammei, using light to heavier 
blows, as dnected by the opeiatoi Sometimes the nurse 
holds the speculum, leaving the opeiatoi’s opposite hand to 
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The injection sites, skin incisions, position of the hands 
when holding the chisel and the noimal view of the opeiative 
field aie seen m Fig 3 The skin flap must b e laige enough 
to^covei the defect left by lembvmg bony annulus postenoily 
and to allow inspection of the lound window Bony annulus 
can be lemoved with eithei cuiettes 01 buis Accumulation 
o f -bo ne dust makes the bui somewhat objectionable Some- 



Fig 2 Drawing of normal stapes with part of footplate inn a ^ n 
away to show thin central region and \lews of the chisel poims * ^ 

to scale and enlarged For the anterior margin of the footplate a t 

(heavy cur\ed) Chisel 3~(light curved) are usually best su ^ r 

though No 2 (heavy straight) and No 4 (light straight) ma> Do » 5 

in some cases Nos 2 and 4 are used for the superior margin 
(reverse curved) for the posterior margin 


times electiocauteiy is needed to contiol bleeding fiom tic 
skm incisions The choido-tympani neive usually is ie ^ e ^, 
downwaid, but occasionally upwaid, so as to pieseive it e 
stapes is touched gently with a needle to deteimine whe ier 
it is fixed In only one eai (of 269) was a mobile stapes 
found, and this eai was one of thiee with total lound " in 
closuie, the otheis having stapes ankylosis in addition 
tains and budges of mucous membiane aie cut away, if ne 
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Fig 5 a. Incus removed In cada\er specimen to show anatomj of foot¬ 
plate region b Chisel placed at anterior margin of footplate c. Chisels 
placed anteriorly and superiorly d Chisels placed anteriorly and pos¬ 
teriorly 


wield the hammei The cuived chisel is best suited to the 
anterioi raaigin of the footplate, although the stiaight ones 
can be used m some cases, the “heavy” model being used 
fust until a slight movement of the stapes is seen, aftei 
winch the “light” model may be used to cut the lemamdei of 
the focus With two 01 thiee light taps of the chisel, thm 
otoscleiotic foci will be cut, and total mobilization of the 
stapes will be accomplished Foi thick and extensive oto¬ 
scleiotic foci the “heavy” model chisel may be used m two 01 
thiee antenoi locations, so as to cncumfeientially cut the 
focus Then the stiaight “heavy” 01 the stiaight “light” 
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nella effect The objective of mobilization m mild, model ate 
and seveiely ankylosed stapes is seen m the diagiammatic 
sketches in Fig 4 

Aftei the footplate is loose, a needle is inserted into the 
mcudo-stapedial joint and locking movements, as well as in- 
and-out movements, aie made to msuie complete mobilization 
of the stapes, using caie not to dislocate the mcudo-stapedial 
joint A disarticulated, 01 subluxated, joint should be avoid- 


TABLE III 
Chisel Method 


Eaily Results (1 month) 
Successes 

Thresholds _ 

Bone-Air Gap__ 

Improved-— _ 

No Change - 

Loss__ - _ 

Late Results (average 4 months) 
Successes 
Thresholds _ „ 

Bone-Air Gap_ 

Improved _ — 

No Change 
Loss _ _ 


. 144 

ears 


_ _99 

69% 


- 10 

7% 

76% 

_20 


14% 

_12 


8% 

_3 


2% 

_74 

ears 


_49 

66% 


_ 4 

6% 

72% 

_9 


12% 

__10 


13% 

_2 


3% 


ed, foi this might lesult m some heaung loss, and a few db 
one way 01 anothei can be cutical foi the patient 

Suigical audiometiy, that is, heaung testing m the opei- 
atmg 100 m, is employed in all opeiations using the Ambco 
Otometei In geneial, heaimg impiovement m the operating 
loom indicated a successful mobilization, but many eais 
which did not impiove in the opeiatmg loom also had a sub¬ 
sequent good lesult We continue to use suigical audiometry 
but do not considei it essential foi successful suigery A 
much moie leliable mdicatoi is the suigeon's visual and 
tactile impression of the state of mobility of the stapedial 
footplate 

The most common chisel placements aie shown m Fig 5 
Some common otoseleiotic lesions aie seen in Fig 6 and 
were sketched by Mi Stebbms at the time of opeiation The 
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operation d sIiouh n moderate otosclerotic lesions as seen at 

Piate Chisel marks enn h^ ae otos clerotic lesion involving tin. entire foot 
Jt "as impossible to accomnnt£ n both superior und inferior nur in. 

such cases in the total of™G9 mob11 Izntion in this uir There were /ho 


del chisel is used supeiioily, and the leveise cuived chisel 
usee postenoily to accomplish fuithei lysis as necessaiy 

® cc ^sionally theie aie lineaz fiactuies thiough the footplate 
en he opeiation is completed, but this is not seiious so 

a ^°,^ e 01 Cllua lemain intact and in continuity with 

12 ait of the footplate 

In eais with veiy thick, extensive otoscleiotic foci, it is not 
possi e o pieseive the continuity of the antenoi cius, hut 
m these cases a thoiough lysis of pait of the footplate must 
he accomplished with the postenoi cius pioudm g the colum- 
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It is mteiesting to note that nine eais weie le-opeiated and 
of tliese success was attained in six The high success late of 
le-opeiated ears piobably is because the chisel method was 
used m the second opeiation The lesults aie summarized 
as follows 


method 


Original Operation 


Re-Operation 

TiH 

n 


Needle 

_1 

Chisel_ 

6 


Chisels 

_S 


9 



9 



RE-OPERATION RESULTS 






Unchanged 

Success 

Needle _ 



_1 

0 

Chisel_ 



2 

6 




3 

6 


SUMMARY 

The stapes mobilization opeiation was performed on 269 
patients between October, 1954, and Decembei, 1957 The 
late success rate (thiee months, plus) utilizing the tilt tech¬ 
nique was 14 pei cent of 22 eais, with the needle technique 
it was 47 pei cent of 106 ears, and, with the chisel technique 
it was 72 per cent of 72 ears 

The chisels designed by Heermann are effective instruments 
for mobilizing the footplate while pieserving the continuity 
of one or both ciura and maintaining theieby the columnella 
effect 

Acknowledgments We expiess our appreciation to Mr 
Thomas Stebbms for his illustrations, and thank Mi David 
Shephard, Mi Dennis Bagana and Mrs Harold F Schu- 
knecht foi their assistance m analyzing the audiometric data 
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lesults of the chisel method aie shown m Table III The 
chief leason why we have late lesults only on 74 of the 144 
eais, is that 43 opeiations weie peifoimed less than thiee 
months befoie the analysis was made, and 12 patients lived 
out-of-town and weie inaccessible An mteiestmg diffeience 
between the chisel gioup and the needle gioup is that the 
peicentage of late successes (thiee months oi longei) is al¬ 
most as high as the eaily successes (one month) The num- 
bei of patients who lost then eaily heaung gam was some¬ 
what less, but the mam diffeience was that a numbei of 
patients passed fiom the impioved to the success gioup aftei 
one month 


COMMENTS 

The complications foi this entile gioup of 269 opeiations 
aie summanzed as follows 


Teais of the tympanic membrane — 
Persisting peiforatlons _ - 

Profound hearing losses 

One sterile labjrinthitis, one cause unknown 
Otitis media (after five days) 

Otitis externa 

Postural vertigo — _ 



Heaung losses weie expellenced in eight (3 pei cent of 
269 eais The cases aie listed as follows 


Tilt (1 of 22) 

12 5 db , cause unknown 
Needle (4 of 106) 

15 db , pneumatic hammei 

15 db, stapes depiessed into oval window 

15 db, cause unknown 

Piofound loss—initial success—loss aftei lapaiotoni> 

Chisel (3 of 144) 

10 db , cause unknown 

Piofound loss, sterile labynnthitis 

10 db , footplate fenestiation with lemoval of incus 


A GUIDE FOR STAPES SURGERY BASED ON A NEW 
SURGICAL CLASSIFICATION OF OTOSCLEROSIS * 


Richard J Bellucci, M D , 


New Yoik, N Y 

A bettei appieciation of the gioss pathology of otoscleiosis 
involving the oval window and stapes had been obtained with 
the intioduction to otology of the suigical micioscope Al¬ 
though the bmoculai loupes and headlamp weie consideied 
satisfactory at one time, it seldom was possible with this 
equipment to obtain a piecise concept of the otoscleiotic m- 
\olvement 01 to appreciate the lesults of the mobilization 
pioceduie In letiospect, the mobilization opeiation as intro¬ 
duced by Rosen 1 can be consideied a jposs proceduie nhich 
does not account foi the variations m typ^and distiibution of 
the otoscleiotic lesion In the original description of the opera¬ 
tion, a cleai view of mcudo-stapedial joint and stapedius 
muscle tendon was consideied sufficient visualization, and 
the pioceduie simply required the application of the foice 
to the neck of the stapes m the diiection of the stapedius 
muscle tendon No investigation of the footplate was con¬ 
sideied necessary, and poor visualization had to be supple¬ 
mented by a keenly developed tactile sense This type of 
suigery produced successful lesults m compaiatively few 
patients—piesumably those with eaily and small otoscleiotic 
lesions In the moie advanced cases, both crura weie often 
fractuied befoie the stapes footplate could be mobilized The 
application of force either to the head and neck of the stapes 
01 by the tians-mcudal technique-’ 3 without adequate visuali¬ 
zation of the otosclerotic lesion at the footplate did not permit 
an opportunity to modify the technique accoichng to location 
and degree of pathology, consequently, only cases of m inimal 
otoscleiotic involvement could be mobilized, accountmg foi 

•Read before the meeting- of the Eastern Section \merican Laryn- 
gological Rhinological and Otoloffical Society Philadelphia, January 
<♦-10 195S 

Editors Vote This manuscript received in The Laryngoscope Office and 
accepted for publication Dec. 2S 1957 
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4 Heekm vNjf, H Mobilisierung des Steigbugels durcb Ausmeisseln uud 
Eimvai tsverlag-ern der Eussplatte Atsch Laiyngol Rhino! Otol 35 7 
Jul>, 1956 

5 MEumr Y Stapes Mobilization and Otosclerosis 4 rch OtoL 

66 464 479, Oct, 1957 

6 Poutmvnn, Michele Personal communication 

7 Shf\, John, Jr Personal communication 


PROGRAM OF THE SEVENTH INTERNATIONAL 
CONGRESS OF BRONCHOESOPHAGOLOGY 

Meeting Place—Kyoto Univeisity, Kyoto, Japan 

Fuday, Septembei 12th, 1958 

8 00 PM-10 00 PM—Reception (Paity) Shimomuia 
House m Kyoto 

Satuiday, Septembei 13th 

8 00 AM—Inauguial Session (in Kyoto Univeisity Hall) 

9 00 AM-12 00 M—Fust Scientific Session 

12 00 M-2 00 PM—Luncheon (Reception The Place not 
decided) 

2 00 P M -6 00 P M —Sightseeing in Kyoto 
8 00 PM —Banquet, Miyako Hotel 

Sunday, Septembei 14th 
8 00 AM-11 30 AM—Second Scientific Session 

11 30 AM-12 00 M—Closing Ceiemony 

12 00 M—Depaituie foi sightseeing in Naia 

1 00 PM—Luncheon, Naia Hotel 

2 00 P M-6 00 PM—Sightseeing m Naia 
7 00 PM—Return to Kyoto 
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Fig- 1 Class I—Early Otosclerosis Stapedio-\estibular Joint apace Is 
not reduced and otosclerosis is not \islble The footplate appears thin 
and bluish in color 


stiuctuies aie situated so fai posteiioily with lespect to the 
external auditory canal that the incus is not visible when the 
drum is leflected In these cases the bone of the posteiior 
canal wall must be lemoved widely ovei the incus at the 
annulus The xemoval of bone in this aiea is a lelatively 
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the low peicentage of good lesults obtained by these tech¬ 
niques 

It is gen ei ally accepted that the best lesults aie obtained 
when the ciuia of the stapes aie not damaged dining the 
mobilization pioceduie It is thiough the intact ossicular 
chain that sound piessuie noimally is transmitted to the 
oval window, and eveiy effoit should be made to piesene 
this natuial loute of conduction It is not lational, theiefoie, 
to fiactuie the ciuia and then attempt to mobilize the foot¬ 
plate of the stapes The technique of mobilization in which 
the foices aie applied eithei to the head and neck of the 
stapes 01 by tians-mcudmal means have now been discaided 
All mobilizing foices aie applied dnectly to the point of 
fixation at the footplate which considerably diminishes the 
usk of fiactunng the ciuia befoie the footplate of the stapes 
can be mobilized 

The application of the mobilizing foices dnectly to the 
footplate had not been safe when no moie magnification was 
available othei than the loupes and headlamp With high 
magnification the footplate of the stapes can be manipulated 
undei the combined sensations of touch and binoculai vision 
making possible positive conti ol ovei the mobilizing f° rce 
Suigical penetration thiough the footplate into the vestibule 
dunng the mobilization opeiation lately occuis when tie 
stapes is visualized undei high magnification, and conse 
quently veitigo is expenenced m veiy few cases 

High magnification also peimits the caieful examination 
of the position, extent and chaiactei of the otoscleiotic lesion 
It is then possible to modify the mobilization technique ac 
coiding to the pathology encounteied As an excellen 
posuie of the footplate is obtained m ovei 90 pei cent o ^ 
cases, theie aie few occasions when the suigeon ^ oes , r I1 y l 
have the opeiation undei his complete visual conti ol 1 

the use of the micioscope, the pathology can be seen c ear j 
and a caiefully planned couise of mobilization P l0C u j 
can be chosen In less than 10 pei cent of the cases the 
is obscuied by the tortuosity and size of the external au i ^ 
canal or by the anatomical vanations in the position o ^ 
oval window m the middle eai At times the mid e e* 
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Fig 3 Class HI-—Ad\anced Otosclerosis Large otosclerotlc lesion 
which obliterates the stapedlo^ estlbular joint space and In\ol\es one 
crus of stapes The other crus and most of the footplate are free of 
otosclerosis 


angulation and depth of the stapes m the oval window niche 
can be so unfavorable that it can impose a consideiable handi¬ 
cap to the surgeon Routinely, the mobilizing foices aie 
applied only to those portions of the stapes footplate which 
aie cleaily seen In these unfavoiable cases visualization is 
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Pig- 2 ClasB II—Moderately Advanced Otosclerosis Stapcdlo-' estlbulnr 
joint space Is bridged by an otosclerotlc lesion which has advanced . lint 
the \estibular wall to the adjacent portion of the footplate Tno K < n 
space is visibly narrowed but the crura of the stapes are not in\oi 
the lesion 


safe pioceduie and should not compiomise adequate visuali¬ 
zation of the stapedial footplate 

Anatomical vaiiations within normal limits often occur 
in the legion of the oval window and the stapes The ciuia 
of the stapes vary in size consideiably Some aie e\tieme\ 
fiagile and aie mjuied easily The ciuia also may assume 
a vanety of positions with legard to the suiioundmg stiuc 
tuies Quite unfavoiable foi suigeiy is the deeply seate 
footplate m an oval window aiea which has a high lip at i® 
piomontoiy side 01 a facial neive which ovei hangs the o\a 
window lmpanmg duect visualization (see Fig 6) 1 
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Figr 5 Class I\—Unfa\orable for Mobilization Entire footplate of 
stapes has been replaced b\ otosclerosis 


fixation at the stapedio-vestibulai joint As the footplate 
noimally has a slight degiee of flexibility, it is possible, using 
light piessuie of the needle, to obseive slight motion of one 
mobile end of the footplate of the stapes when the othei is 
fixed solidly by otoscleiosis The small amount of motion 
obtained when the stapes is bent can be appi eciated onh 
with binoculai vision undei high magnification This m- 
foimation will dnect the application of the mobilizing foices 
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i. FI? 88 * —Unfavorable for Mobilization Reduction of o'»{ 

, n , h ® to a narrow slit preNenting- adequate \ Jsualizutlon and 
Instrumentation The facial ner\e overhangs the footplutc and 
the promontor> r ° U ded b> a larfi>e otoscerotic lesion which projects from 


pool, and blind application of the mobilizing* instalments on 
the footplate is not leeommended 

PALPATION 

Although adequate exposuie and dnect visualization of 
the oval window niche aie impoitant, much can be gained bv 
caieful palpation It is possible to locate the legion of f lxa ' 
tion by applying gentle piessuie with a needle in oideib 
sequence to the incus, incudo-stapedial joint, and head and 
ciuia of the stapes Fuithez palpation of the footplate di 
lectly will leveal mfoimation zegai ding the exact point of 
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tion is consideied essential m evaluating any particular case 
foi revision 

Following a successful mobilization it is possible to check 
the ossiculai chain foi continuity by observing the motion 
of the footplate when downwaid piessuie is applied at the 
lenticular piocess of the incus Wien the ossiculai continuity 
has been pieserved, motion induced in the footplate can be 
seen chiectly and is transmitted also to the lound window 
niche wheie it can be visible This piovides conclusive pi oof 
that sound pressuie is passing through the cochlea Less 
emphasis, theiefoie, can be placed on subjective iespouses 
and audiometiv m the operating room 

SURGICAL CLASSIFICATION OF OTOSCLEROSIS 

Adequate information for classification has been obtained 
when the exact location, natuie and position of the otoscleiotic 
lesion has been determined The selection now can be made 
of a mobilization technique which will be the most suitable 
to manage the paiticulai tjpe of lesion encounteied When 
sufficient surgical expenence has been obtained in lecogniz- 
mg the variations m the distribution and degiee of mvolve- 
ment assumed by otoscleiosis, it can be understood easily 
why one mobilization technique can not give a satisfactoiy 
peicentage of good results In this study a highei peicent- 
age of good results has been obtamed only when the technique 
of mobilization had been modified to meet the particulai vari¬ 
ations of the otoscleiotic lesion The opeiation for the 
mobilization of the stapes at this point takes on a new chai- 
actei The piesentmg anatomy and pathology must be studied 
caiefully and a suigical plan is formed eitliei to cncumvent 
the lesion when it is extensive, or to apply the mobilizing 
foices dnectly to the point of fixation causing separation 
through the otoscleiotic lesion 

Although mnumeiable valuations occui m middle ear an¬ 
atomy and m the otoscleiotic involvement, certain similanties 
have become evident which peimit a classification on anatomic 
and pathologic basis All cases can be catalogued within 
foui general classes, and a suigical technique is descubed 
vhich is suitable to deal with each type of involvement 
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Prominent facial ‘mrU' er} lIeer 


Mobilization Both crura urc fUu* 
of the i>roniontor\ The footplate of 
window niche and la obscured b> a 


othel^nai tt *f V ° ived by the otoscleiotic lesion Injur} to 

can hn , , le stapes not lesponsible, foi the ankylosis 

can be avoided by these means 


minprfawmV/ ^ le m °bihzation pioceduie also can be detei- 

can hi n 6 y ^ Palpat,0n Injuied poitions of the stapes 
can be easily recognized and should be noted This infoinia- 
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2 Definite nailowing of stapedio-vestibulai joint by visible 
otoscleiosis is piesent The lesion usually involves a portion 
of the footplate of the stapes but neither cius is involved in 
the otoscleiotic lesion 

S The usual normal blue coloi of the footplate has lemamed 
unchanged except foi a legion neai the otoscleiotic focus, 
wheie it is white and opaque 

4 Palpation undei magnification leveals solid fixation at 
one end of the stapes The othei end exhibits slight motion 

In tins study, most cases of otosclerosis piesented the char¬ 
acteristics of Class II Methods of mobilization which depend 
upon the stiength of the ciuia are successful only occasionally 
when the otoscleiotic lesion has advanced to this degiee 
Undei these conditions the ciuia usually aie not stiong 
enough to withstand the piessuie lequned to flee the foot¬ 
plate, and fractuies of the ciuia occui often when the mobiliz¬ 
ing force is applied to the head oi neck of the stapes Appli¬ 
cation of the mobilizing foice directly to the otoscleiotic 
lesion at the footplate permits mobilization m many of these 
cases without the dangei of losing ossicular continuity The 
application of piessuie, depressing the footplate into the 
oval window, with a shaip curved needle at the base of the 
involved cius neaiest the fixation can be an alternate means 
of applying the mobilizing foice When this involvement is 
extensive, extreme caie is needed to pi event penetiation into 
the vestibule oi mjuiy to ciuia When attempting to achieve 
mobility, the otoscleiotic lesion can be weakened by many 
i e-applications of superficial needle punctures perfoimed 
undei direct visualization These punctuies can be done 
safely undei the control of vision and touch Duung this 
type of mobilization theie is usually a fiactuie of the foot¬ 
plate oi sepai ation of the stapedio-vestibulai jomt with a 
loss of a small amount of perilymphatic fluid As the pies¬ 
suie has been applied only to the footplate, the ciuia usually 
lemain intact Occasionally the cius neaiest the otoscleiotic 
lesion may be injured This is not of serious consequence as 
healing improvement is possible when continuity is main¬ 
tained between the intact cius and a mobile portion of the 
footplate 
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Class I, eaily otoscleiosis has been obseived in 36 pel cent 
of cases studied (see Fig 1) 

ChoA actenstics 

1 Good exposuie and visualization of footplate is possible 

2 No evidence of nailowing of stapedio-vestibulai joint 
and no otoscleiosis is visible 

3 The footplate of stapes is of a normal blue coloi, smooth 
and legulai 

4 Palpation undei magnification leveals fixation at one 
end of the footplate of the stapes, slight motion can be ob¬ 
tained at the othei end 


Cases with eaily otoscleiosis, in which the lesion is veij 
small and not visible with the micioscope, aie giouped in this 
class The otoscleiotic lesion is assumed to be eithei entneh 
fibious oi containing a minimal amount of calcification Us 
ually mobilization is accomplished easily by gentle piessuie 
of the needle at the point of footplate fixation Needle pies¬ 
suie (foicing the footplate into the oval window) at the base 
of the ci us neai the stapedio-vestibulai joint usually is suc¬ 
cessful when attempting to achieve footplate mobility (see 
Fig 1) Penetiation into the joint space is iaie, as the 
mobilizing foice is undei the dnect contiol of vision and 
touch, and escape of penlymph also is laiely seen It is 
leasonable to assume that most cases which teiniinate success¬ 
fully when the mobilizing foice was applied to the nech oi 
head of the stapes had minimal otoscleiotic involvement an ‘ 
could be included m Class I Those cases with moie advance 
lesions, such as those giouped in Classes II and HI " out 
have teimmated unfavoiably with the eaily techniques, as 
these lesions needed moie foice foi footplate mobilisation 
than could be applied thiough the ciuia of the stapes 

Chii>b II modelately advanced otoscleiobis "as obseiv-d 
in 11 pei cent ol cases (see Fig 2) 

Clunaclci ibtub 

1 Good exposuie and visualization oi footplate i» obt mad 
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to obtain a significant lmpioveraent m healing, theiefoie, 
all efforts should be made to pi event fiagmentation A cius 
of the stapes lestmg in the peiilymph of the oval window 
without an attached portion of footplate does not perform 
well, and a satisfactory impiovement m healing is usually 
not obtained 

Class IV , unfavorable for mobilization of the stapes , aie 
cases with very advanced otoscleiosis and those complicated 
by extremely difficult anatomic variations Only nine pel 
cent of cases m this study weie found to have these chaiactei- 
istics 

Chai actemstics 

1 There is pool exposuie and visualization of oval window 
due to extreme anatomic variations (see Fig 4) 

2 Laige otoscleiotic lesions may be seen, which have re¬ 
placed the footplate completely with solid white bone obliter¬ 
ating the stapedio-vestibular joint (see Fig 5) 

3 Extensive otoscleiotic lesions ongmatmg fiom the mai- 
gin at the promontory and involving both cruia aie also 
unfavorable Included aie cases with apparently normal 
blue footplate, but the crura of the stapes aie fixed solidly 
at the promontory edge (see Fig 6) In these cases the 
footplate of the stapes lies deep m the oval window niche 
The stapes is tilted toward the piomontory lip and otosclerosis 
involves both ciuia just below the neck 

Cases with unfavorable prognosis legal ding the applica¬ 
tion of mobilization pioeeduies aie grouped m Class IV 
These cases aie consideied unfavorable when the anatomy 
of the middle ear is abnormal, permitting neither adequate 
visualization noi controlled instrumentation at the footplate, 
the piognosis is also unfavorable when both ciuia aie fixed 
by otosclerosis In these cases the footplate lests deep in 
the niche of the oval window, and fixation of the ciuia occurs 
usually at the lip of the promontory The footplate itself 
may be normal in appearance, but continuity of the ossiculai 
chain is usually inteilupted m attempting to lelease the 
fixed ciuia fiom the piomontory 
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The technique of applying the mobilizing foice dnectlv to 
otosclei otic lesion at the footplate has been most successful 
m Class II Many of these cases would have teinuuated 
unsuccessfully with fiactuies of the ciuia if the mobilizing 
foices had been applied to head 01 neck of the stapes Appli¬ 
cation of foice to the otosclei otic lesion meets the lesistance 
at the stiongest point, piovidmg gieatei opportunity foi suc¬ 
cessful mobilization of the stapes The diffeience in statistics 
published m 1956 7 and those leported m this study lepiesent 
chiefly the accomplishments of this piesent technique in this 
class of otosclei otic involvement 

Class III, advanced otosclei osts, was found in 14 pei cent 
of cases studied 

Characteristics 

1 Good exposuie and visualization of footplate is piesent 

2 A laige otosclei otic lesion involves the stapedio-vestibulai 
joint, one cius of the stapes, and a portion of the footplate 
(see Fig 3) 

S Neai the otosclei otic lesion, the noimal blue cold of 
the footplate is leplaced by solid white opaque bone 

U Palpation leveals solid fixation of the gieatei part of 
the footplate, but slight motion can be demonstiated at tie 
uninvolved end of the footplate 

When a laige otosclei otic lesion of this type is found no 
attempt is made to fiactuie duectly thiough the lesion ® 
cius is divided above the otoscleiotic mass as lecommen e 
by Fowlei,® peimittmg the unmvolved cius to maintain coo 
tmuity with the unmvolved portion of the footplate 
footplate is fiactuied in its midportion by multiple supei icia 
punctuies with a fine cuived needle Usually theie is a 
escape of penlymph thiough the fiactuied footplate c< ~^. 
sionally othei lines of fiactuie occui with fiagmenta ion 
the footplate into seveial parts This is to be avoi e 
only a small fiagment of the footplate may lemain at ac ^ 
to the mobile cius, insufficient to peimit tiansnussion^ 
sound piessuies Appioximately one-half of the too P 
attached to the functioning cius has been found necess 
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It is unfortunate that this decision excludes cases with v eak 
cochleai function, as some of the most unpiessive lesults 
obtamed by mobilization of the stapes proceduies aie m this 
gioup Although a lemaikable mipiovement m healing has 
been obtained followang the mobilization of stapes in many 
patients with weak cochleai function, these cases aie not 
lepiesented in this statistical analysis By accepting only 
ideal candidates it is possible to compare accuiately results 
obtamed by the techniques piesently in use with the formei 
pioceduies m which the mobilizing foice was applied to the 
neck of the stapes Consideiable impiovement has been found 
to exist when the lattei group of cases is compaied to the 
formei 

When the mobilizing foice was applied dnectly to the 
otoscleiotic lesion at the footplate, an immediate improve¬ 
ment (one week postopeiative) in heaimg to above the 30 
db level was obtamed m 72 pel cent of cases This figuie 
is moie than double that obtained (35 pel cent) when the 
foice was applied to the neck oi head of the stapes This 
diffeience m peicentage occuned as the result of a i educed 
numbei of mjunes to the ciuia of the stapes and to the 
pieservation of the continuity of the entile ossicular chain 
The earliei techniques depended chiefly on the stiength of 
the ciuia foi mobilization of the footplate, and in most cases 
once the ciuia weie fiactuied no further manipulation was 
possible The application of foice dnectly to the point of 
fixation peimits consideiably moie maneuvering and manipu¬ 
lation, yet pieserving ossiculai continuity Although the 
figure of 72 pei cent is encouiagmg, failuie to obtain im¬ 
mediate impiovement m healing occuired m 28 per cent 
In these cases the otosclerotic lesion was eithei too extensive 
to be safely mobilized, the anatomy of the oval window was 
unfavoiable, oi, accidental fracture of both crura occuned 
with loss of ossiculai continuity Unfavoiable anatomy and 
pathology accounted foi nine pei cent of these failuies, and 
17 pei cent did not have a satisfactory impiovement m 
healing because of accidental injury to the footplate oi ciuia 
of the stapes In two pei cent of these cases the otoscleiotic 
lesion also involved the lound window niche 
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I he piognosis also is consideied unfavoiable when the oto- 
scleiotic lesion has entuely leplaced the footplate, obhteiating 
the stapedio-vestibulai joint In this study the ciuia were 
found fieely movable in two cases In both a laige otoscleiotic 
mass had leplaced the footplate completely and had 1 educed 
the ciuia to thin fibious and flexible stiands of tissue Chis¬ 
els, buis and hooks used to achieve mobility 01 fenestiation 
of the footplate, when completely leplaced by otoscleiosis, 
weie found to expose the labynnth to undue usks When 
confionted by anatomic and pathologic conditions chaiactei- 
lstic of Class IV, mobilization of the stapes operation is not 
lecommended, as the safety of a conti oiled opeiation is lost 
It is piefeiable to considei the fenestiation of the horizontal 
canal, which avoids this aiea of excessive otoscleiotic involve¬ 
ment and piovides the technical conti ol lequned foi this 
delicate suigeiy House 0 agiees with this point of view De¬ 
liberate fenestiation of the footplate has not been attempted 
as all cases m which the footplate has been fenestiated 
accidentally have had only a slight initial impiovement m 
healing which was lost within a lelatively shoit time It is 
well lecognized that one type of medical 01 suigical manage¬ 
ment cannot be ideal foi all vanations of a disease piocess 
This medical axiom should be applied to the stapes mobiliza¬ 
tion opeiation 


DISCUSSION OF RESULTS 

The lesults obtained m a senes of 100 cases, consideied 
ideal foi fenestiation suigery weie leported in 1956 c 
that time it was believed valuable to establish a baseline o i 
the new mobilization of stapes opeiation performed e\ac \ 
as mtioduced by Rosen, using candidates ideal foi the fenes 
tiation opeiation (horizontal semi-cnculai canal) Attemp s 
to lepiesent statistically all cases acceptable foi mobihza ion 
suigeiy, including those with weak cochlea function, } e 
possessing some degiee of cochlea leseive, pioduced con 
sideiable confusion m the presentation of lesults, theie oie, 
only lesults obtained with ideal candidates weie iepoite 1 
1956 Again, in this piesent study of 100 cases, using ’ 
descnbed suigical techniques, only ideal cases which sa y 3 ^ 
the ciitena foi fenestiation opeiation have been mclu e 
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the footplate had been achieved often by a fiactuie dnectly 
thiough a solid but active otoscleiotic lesion which laiely 
would have occuned by the eailiei techniques The footplate 
techniques also cieate moie leaction at the site of the anky¬ 
losis, possibly hastening 1 e-fixation in some cases 

Veitigo fiequently has been encounteied duung the opeia- 
tion foi the mobilization of the stapes This symptom can 
be induced by meiely applying the aspuation tube neai the 
lound window niche, 01 can be caused in the piocess of mobil¬ 
izing the stapes 

When the mobilizing foice was applied to the head 01 neck 
of stapes fewei patients complained of vertigo at the time of 


TABLE II 


Duration of 


Mobilization at 

Direct Mobilization 

Vertigo 


Head or Neck 

at Footplate 

At Operation _ — .. 


.10 0% 

31% 

10% 

Less than 24 hrs . . ... 


. .3 2% 

More than 24 hrs .. _ 

— 

_2 0% 

6% 

suigeiy, and only 2 0 

pei 

cent expenenced 

vertigo lasting 

ovei 24 houis Table 

II 

piesents a companson with latei 


cases, m winch the mobilizing foice was applied dnectly to 
the footplate of the stapes Although many moie patients 
expenenced veitigo at the time of suigery, few patients con¬ 
tinued to experience veitigo aftei 24 houis 

These lesults aie lathei impiessive, as they testify that 
the labyimth is a hearty stiuctuie able to withstand suigical 
tiauma Vertigo as a lesult of shallow penetiations into 
the vestibule, accompanied by the loss of penlymph thiough 
a fiacture m the footplate, lias been obseived to last seveial 
horns aftei suigeiy Deepei penetration which may distuib 
the saccule 01 the utnele causes disturbances m equilibrium 
which usually teiminate within a week It also has been 
noted that a penod of vertigo may follow an injury to the 
\estibulai sense oigans without causing a loss of healing 
below the pieopeiative level It has been found piefeiable 
to cover perfoiations of the footplate with a small piece of 
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of the mobSi^fo?ce n to e the°Sad able 1 that the apphcat,on 
duced an .mmedmte .Cvtmen ^sT * Stapcs p '°' 
Only six pe, cent of these Vj!" „ f Pel cent of «» rases 
foimei level of heaiinp with P v “ c cases letumed to the 
eontiast to these f.gufes fon * montl,s ,n 

Piesent techniques Alftonlh e 1MUlts obtamed wth the 

inimediate .mptovement^in tann ™'* ° Ma "' “ 
cases, 17 pei Cen t neaim £ m 72 pei cent of the 

heal mg within fom months A pi *? pe,atlve ,CTel » f 

A leasonable explanation for 


table i 


Number~of"ca^ 
Immediate Improvement 
Improvement Maintained 

One Month 
Pour Months ~ 

One Year 


Force Applied 
to Neck 
of Stapes 


Force Applied 
Directb to 
tootplaU 


100 

35 


100 



01 
5u 

iNot available 


a^iatisfactmv 6 , 0311 ^ SUggested as the cases which obtained 

niques w ei e t^ P1 ° Vement m heailng with the eaily tech- 

iestons of otn i^ possessin & small and possible fibious 

tT^Zl to thTf G T S Wlth thls eaily Pioceduie, little 

of mobilization bm- 1 °‘ Vestlbulai J° int occuned in the piocess 

only a lelnfiv / ^ Was possi ^ e to mobilize the stapes in 

only a lelatively small peicentage of cases 

teiminaterJ S ^onable to assume that all cases which would have 

successful wh CCe f, S udy by eaily techniques would also be 

Plate 'tta tr b “ mn * f °‘ Ce ,s appM at lhe tMt - 
II and ITT \trh i ^ ^ beie weie many moie cases fiom Classes 

Plate and am a btfm 1 ^ m ° le extensive sui £ ei y at the foot ‘ 
tamed Thic jj , 01e an lrn P 10 vement in healing was ob- 

ossiculai cnnt addltlonal manipulation without the loss ot 
centage of P-nnl U1 \ d ° ubtIess k accounts foi the higliei pei* 
laigeZneicfnta leSUlts h appeaia ^asonable that a 

level m the °* cases w °uld letuin to the pieoperatne 

late postopeiative penod as mobilization of 
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U The suigeon must constantly keep m mmd that in the 
couise of mobilization of the footplate, penetrations, fenestia- 
tion 01 dehiscence pioduced in tins stiuctuie will only add 
usks which may 1 educe the quality of the final lesult 

5 The suigeon need not feel obliged to achieve mobilization 
of the footplate at any cost Cases piesentmg very advanced 
otoscleiosis oi difficult anatomy should be lecogmzed as 
unfavoiable foi the mobilization opeiation and should be 
spaied foi fenestiation of the honzontal canal 

CONCLUSIONS 

The use of the suigical micioscope adds consideiable safety 
to the mobilization of the stapes opeiation, as it peimits di- 
lect visualization of the otoscleiotic involvement, bettei con- 
tiol of the foices lequued foi mobilization and piecise nota¬ 
tion of the changes pioduced by the applied foices 

It is possible to diffeientiate four classes of otoscleiotic 
involvement on an anatomic and pathologic basis 'which can 
seive as a guide foi the choice of a suitable mobilization 
technique In ordei to apply this classification to any case, 
caieful study is necessary befoie mobilization is attempted 
This pie-mobilization evaluation, togethei with a suitable 
mobilization technique, has been lesponsible m pioducmg a 
high peicentage of good lesults with few complications 

REFERENCES 

1 Rosen S Mobilization of the Stapes to Restore Hearing in Otosclei 
osis J\ 1 Jour Med 53 2b50 2653 1953 

2 Goodhiix* V Trans Incudal Stapedolysis for Alobilization of Stapes 
Mobilization in Otosclerotic Deafness The Larxngoscoie, b5 b93 1955 

3 Scheer, A. Rehabilitation of the Hard of Hearing E E, X T 
Month 36 593 600 1957 

4 Goodwill. V and Holcoxlb A L A Sfud\ of 500 Stapes Mobiliza 
tions The Lunmoscope bT 615 642 1957 

5 Fowlhc E P Jr Anterior Crurotom\ and Alobillzation of the 
AnKA losed Stapes Footplate Acfa Oto-Laryngoloyicit 4b 319 322 1956 

b Hor^u H Personal Experiences with Stapes Mobilization Arch 
Otolari/nyol bj 235 243 1957 

i Belluci R J Present Status of the Operation for Mobilization 
of Stapes The Lainx conlofe. 6b 2b9 292 1956 

162 East 71st Stieet 



758 


BELLUCCI STAPES SURGERY 


Gelfoam satuiated in thiombm, as this tends to 1 educe the 
postopeiative vertigo Uncoveied peifoiations of the foot¬ 
plate aie usaully productive of moie vertigo and instability 
of longer duration 

As expei lence is obtained with mobilization techniques at 
the footplate, vertigo is obseived less fiequently In the last 
50 patients of a moie lecent senes of cases only 12 pei cent 
have expei lenced veitigo due to manipulation at the time 
of suigeiy All 50 patients weie dischaiged fiom the hos¬ 
pital 24 houis aftei surgeiy without any evidence of veitigo 
At the piesent time the gieat majonty of patients do not 
expei lence vertigo dunng the mobilization pioceduie, and 
when vertigo does occui it is mild and disappeais befoie the 
patient leaves the opeiatmg loom 

COMMENTS 

Blind application of the mobilizing foice to the footplate 
of the stapes is consideied to be a dangeious and bold pio¬ 
ceduie, as penetiation into the vestibule cannot be pi evented 
by the sense of touch alone The mobilization of the stapes 
must be consideied stuctly an external labynnthme opeiation 
m which any msti umentation penetiatmg deepei than the 
footplate exposes the end-oigans of healing and equihbnum 
to tiauma, seious and possibly puiulent labynnthitis The 
objective of all techniques at the footplate of the stapes is to 
achieve mobility with absolutely no penetiation into the ves¬ 
tibule and with the least possible suigical tiauma 

The techniques descubed above tend to emphasize the 
importance of the following aspects of stapedial footp a e 
suigeiy 

1 The aiea of the footplate which is to leceive the niobihz 
mg foice must be seen dnectly under high magnification 

2 All manipulation is done with extieme gentleness, slo\G> 
and cautiously until the chaiactei, position and extent o ' e 
otoscleiotic lesion aie appieciated 

3 When the aiea of fixation is located the choice of °jobi^ 
zation pioceduie is made m accoidance with the foui c. 

of otoscleiotic involvement piesented in this study 



Fig 1 A representative section from a histologically benign glomus 
jugulare tumor shoeing the regular arrangement of the cells and the lack 
of mitotic activity 


complete as there vs as still slight motion at the corner of the mouth on 
the left The other positive findings were limited to the left ear There 
was a tumor mass occup\ing the inner half of the left external auditory 
canal and the tympanic membrane could not be visualized Roentgenolog 
ical examination of the mastoids repealed minimal sclerosis of the cells of 
the left mastoid however no other abnormality of the left temporal bone 
could be Identified The Weber test was strongly lateralized to the left 
Pure tone audiometrv revealed responses within normal limits for the 
right ear Losses averaging 40 db in the speech frequencies by air con 
duction weie obtained in the left ear with good preservation of bone con 
duction Speech testing revealed a speech reception threshold of 40 db 
in the left ear with a discrimination score of S8 per cent Histological 
examination of the tissue which had been removed previously was re¬ 
ported to show a ver> highly vascular malignant tumor with cells having 
















HISTOLOGICALLY MALIGNANT GLOMUS JUGULARE 
TUMOR (Case Report) 
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In the decade since Rosenwassei fast con elated the clinical 
In ln ^ S ^ omus Jugulaie tumoi with Guild’s pieviously 
pu is ed anatomical descnption of the glomus jugulaie 
o ies, numeious examples of this neoplasm have been le- 
poited Intel est has not been limited to the otological liteia- 
uie alone, as excellent lepoits have also appealed in the 
journals of pathology and neuio-suigeiy 

Theie has been geneial agieement among authois that these 
neoplasms should be classified as histologically benign lesions 
(see Fig l) Then clinical behavioi with the typical histoiy 
ot slowly developing symptoms, often ovei a penod of yeais, 
would substantiate this assumption, howevei, then tendency 
to invade adjacent vital sti uctuies with the development of 
vasculai 01 neuiologic involvement thieatening the patient's 
life, has led some authois to descube these lesions as histo¬ 
logically benign, but locally malignant by position Metastatic 
spiead fiom a pumaiy glomus jugulaie tumoi has been ie- 
poi ted only infi equently 1234 

This case lepoit of a patient with a glomus jugulaie tumoi 
descubed as histologically malignant is added to the liteiatuie 
because of the infiequency of such a lesion 


CASE REPORT 


This 49 > ear old \\ iiite male was first seen on February 10, 1050 a 
chief complaint of bleeding fiom his left ear of about one weeks duration 
The present illness revealed that he had noticed increasing hearing 1°^ 
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in the left ear for the past four to five months About one week before 
the patient was first seen he described the left ear as feeling full It was 
at this time that he put his finger to the left ear and caused bleeding 
He immediately consulted a physician who visualized a tumor mass in 
the left external auditory canal and took a specimen of the mass for 
histological examination The patient denied anv previous history of 
pain in the ear and was not aware of any discharge from the ear Two 
dais before he was seen he noticed a numb sensation over the left side 
of his face and found that he could not completely close his left eye 
nor could he move the left corner of his mouth normallv 

Phvsical examination at this time revealed a middle-aged man with an 
obvious facial paralysis The paralysis was peripheral in type and not 



L A representati\ e section from a histologically benign glomus 
jugulare tumor showing the regular arrangement of the cells and the lack 
of mitotic activity 


complete as there was still slight motion at the corner of the mouth on 
the left. The other positive findings were limited to the left ear There 
was a tumor mass occupying the inner half of the left external auditory 
canal and the tvmpanic membrane could not be visualized Roentgenolog¬ 
ical examination of the mastoids revealed minimal sclerosis of the cells of 
the left mastoid however no other abnormalitv of the left temporal bone 
could be identified The Weber test was strongly lateralized to the left 
Pure tone audiometrv repealed responses within normal limits for the 
right ear Losses averaging 40 db in the speech frequencies by air con 
duction were obtained in the left ear with good preservation of bone con 
duction Speech testing revealed a speech reception threshold of 40 db 
in the left ear with a discrimination score of SS per cent Histological 
examination of the tissue which had been removed previously was re¬ 
ported to show a very highly vascular malignant tumor with cells having 
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In the decade since Rosenwassei fust con elated the clinical 
findings of glomus jugulaie tumoi with Guild's pieviously 
published anatomical descnption of the glomus jugulaie 
bodies, numexous examples of this neoplasm have been le- 
poited Intel est has not been limited to the otological hteia- 
tuie alone, as excellent lepoits have also appealed in the 
journals of pathology and neuio-suigeiy 

Theie has been geneial agieement among authois that these 
neoplasms should be classified as histologically benign lesions 
(see Fig 1) Then clinical behavioi with the typical histoiy 
of slowly developing symptoms, often ovei a penod of yeais, 
would substantiate this assumption, howevei, then tendency 
to invade adjacent vital stiuctuies with the development of 
vasculai 01 neuiologic involvement thieatenmg the patient's 
life, has led some authois to descube these lesions as histo¬ 
logically benign, but locally malignant by position Metastatic 
spiead fiom a pnmavy glomus jugulaie tumoi has been le- 
poited only mfiequently 1211 

This case lepoit of a patient with a glomus jugulaie tumoi 
descubed as histologically malignant is added to the liteiatuie 
because of the infiequency of such a lesion 

CASE REPORT 

This 40 \ear old white male was first seen on February 10 19rG with a 
chief complaint of bleeding from his left ear of about one week s duration 
The piesent illness re\ealed that he had noticed increasing hearing loss 
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in the left ear for the past four to five months About oi 
the patient was first seen he described the left ear as feelii 
at this time that he put his finger to the left ear and ca 
He immediately consulted a physician who visualized a t 
the left external auditory canal and took a specimen of 
histological examination The patient denied am prerh 
pain in the ear and was not aware of any discharge from 
days before he was seen he noticed a numb sensation ove 
of his face and found that he could not completely clos 
nor could he moie the left comer of his mouth normally 

Physical examination at this time revealed a middle-agec 
obvious facial paralysis The paralysis yvas peripheral m 



Pig - 1 A representatly e section from a hlstologicall> 1 
jugulare tumor shoeing the regular arrangement of the cell 
of mitotic activity 


complete as there was still slight motion at the corner of 
the left. The other positiye findings yvere limited to the U 
was a tumor mass occupying the inner half of the left ext 
canal and the tympanic membrane could not be visualized 
leal examination of the mastoids revealed minimal sclerosis 
the left mastoid hoyyever no other abnormality of the left 
could be identified The Weber test was strongly lateraliz 
Pure tone audiometry reyealed responses within normal 
right ear Losses averaging -10 db in the speech frequenei 
duction were obtained in the left ear w ith good preservatio 
duction Speech testing reyealed a speech reception thres 
in the left ear with a discrimination score of SS per cent 
examination of the tissue which had been removed previ 
ported to show a very highlj vascular malignant tumor vv it 
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In the decade since Rosenwassei flist couelated the clinical 
findings of glomus jugulaie tumoi with Guild's pieviously 
published anatomical descuption of the glomus jugulaie 
bodies, numeious examples of this neoplasm have been le- 
poited Intel est has not been limited to the otological liteia- 
tuie alone, as excellent lepoits have also appealed m the 
journals of pathology and neuio-suigeiy 

Theie has been geneial agieement among authois that these 
neoplasms should be classified as histologically benign lesions 
(see Fig 1) Then clinical behavioi with the typical histoiy 
of slowly developing symptoms, often ovei a penod of yeais, 
would substantiate this assumption, howevei, then tendency 
to invade adjacent vital stiuctuies with the development of 
vasculai 01 neuiologic involvement tlneatenmg the patient’s 
life, has led some authois to descnbe these lesions as histo¬ 
logically benign, but locally malignant by position Metastatic 
spiead fiom a pumaiy glomus jugulaie tumoi has been le- 
poited only infrequently 12 3 4 

This case lepoit of a patient with a glomus jugulaie tumoi 
descubed as histologically malignant is added to the liteiatuie 
because of the mfiequencj of such a lesion 

CASE REPORT 

This 49 \ear old white male was first seen on February 10 195G with a 
chief complaint of bleeding from his left ear, of about one week s duration 
The present illness retealed that he had noticed increasing hearing loss 
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7 The facial nerve was exposed in the anterior half of its intra 
tvmpanic segment 

At the completion of surgerv the cavitv was relatively clean, but it 
was obviously realized that residual tumor had been left. 

Post-operativel} the patient did well and the facial paresis recovered 
in four days On February 2fth he was started on external irradiation 
therapy to the left temporal bone He received approximately 3 000 
roentgens over a period of three weeks 

During the period of irradiation his cavit\ seemed to heal surprisingly 
well however bv the time his therapy was completed a very obvious 



Fig 3 A representative section of the pulmonary metastases showing 
similar tumor tissue with a small amount of normal lung tissue still 
Identifiable 


drooping of bis dura had developed. Posteriorly in the bowl the dura 
rested almost on the facial ridge On Mav 2 1956 the patient had a 
convulsion lasting a few min utes On May 28 1956 he had a sudden 
hemorrhage from his left ear On June S 1956 a return of tumor tissue 
in the region of the tympanum was noted On June 12 an anterior 
cervical node was palpated just behind the angle of the mandible. Chest 
Xrays at this time revealed multiple metastases throughout both lung 
fields. His downward course following this was very rapid with increase 
in the involvement in the neck, the development of aphasia and finally 
paralysis of the right arm and leg The patient expired Jul\ 17th ap¬ 
proximately five months after he was first seen 
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peii vascular airangement consistent with malignant glomus jugulare 
tumor (see Fig 2) 

On February 14 1956, left mdical mastoidectomv was canied out The 
following inteiesting findings were noted at suigeiy 

1 Theie was alieady tumor involvement of the bone of the posteiioi 
supenoi canal wall with tumor tissue pzesenting through the bone 

2 Cells of the supenoi half of the mastoid weze diseased and filled 
with tumoz tissue while the cells of the lovvez half of the mastoid znclud 
ing the tip were cleaz 



b ig J A representative section of the nut hi tumoz mis** showing tin 
lack of rc«ul ir ctUulur iu rtuikeim nt the luck of poluritv of the ctlls unci 
Hu increase. in mitotic icti\it\ 


> The liteial sinus was pathologic ill\ exposed md then w is tumor 
tissue on tilt w ill ot the sinus 

z The duz a was exposed ovei the legmen antil foi m ana ippzoxl 
nntelv 2 5 cm \ 15 cm and this dun w is involved with tunioi fissui 

> When tilt m tin mass of tumor was removed fiom the tvmpmum 
ilong with tlu itmn nits ot tin di uni the stap< s was visuall/ul still 
piesent in the oval window with tunioi tissue suu oundlng It 

t> \ntc rioz to tlu libvzinth tlu nmm il ot tunioi tissue lurnishnl i 
h id into the petious pvjumld Tlu tnfut pvrimid w is lilhd with tumm 
tib^ue md the supeiior w ill w is „oiu k ivin^ tin dui i in tin in i com 
pleteh exposed 
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7 The facial nerve was exposed In the anterior half of its intra 
tympanic segment 

At the completion of surger\ the cavitv was relatively clean but it 
was obviously realized that residual tumor had been left, 

Post-operatively the patient did well and the facial paresis recovered 
m four days On Februarv 24th he was started on external irradiation 
therapy to the left temporal bone. He received approximately 3,000 
roentgens o'ter a period of three weeks 

During the period of irradiation his cavitv seemed to heal surprisinglv 
well however by the time his therapy was completed a verv obvious 



Fig 3 -V representative section of the pulmonary metastases showing 
similar tumor tissue ^ Ith a small amount of normal lung tissue still 
Identifiable- 


drooping of his dura had developed Posteriorly in the bowl the dura 
rested almost on the facial ridge On Mav 2 1956 the patient had a 
convulsion lasting a few m i n utes On May 28 1956 he had a sudden 
hemorrhage from his left ear On June 8 1956 a return of tumor tissue 
In the region of the tvmpanum was noted On June 12 an anterior 
cervical node was palpated just behind the angle of the mandible Chest 
Xrays at this time revealed multiple metastases throughout both lung 
fields. His downward course following this was very rapid with increase 
in the involvement in the neck the development of aphasia and finally 
paralysis of the right arm and leg The patient expired July 17th ap- 
proximatelv five months after he was first seen. 



764 


HOOPLE, ET AL GLOMUS JUGULAKE TUMOR 


Post-mortem examination was earned out and levealed the 
following 

1 The lungs levealed multiple foci of metastatic tumoi (see 
Fig 3) 

2 The left tempoial bone and biam levealed highly an¬ 
aplastic and vasculai malignancy with maiked mfiltiative 
tendencies Theie was extension thioughout the petious poi- 
tion of tempoial bone with duial bieakthiough Dnect exten¬ 
sion to the biain in the left tempoial lobe and thioughout the 
subaiachnoid space in the postenoi fossa was piesent 

The pathological diagnosis was 

1 Malignant left glomus jugulaie tumoi with pulmonary 
metastasis 

2 Diffuse mfiltiation of the left tempoial bone with mas¬ 
toid leplacement 

3 Mastoiditis and duial invasion with meningitis and dnect 
ceiebial extension 

The summaiy of the pathologist was as follows “This 
lathei unusual diagnosis is based on the combined patholog¬ 
ical and clinical findings Pathologically, the topogiaphy, 
histology, and cytology aie entnely consistent with what has 
been descubed Clinically, the localization and piogiession 
of the disease tend to confnm the findings of a piimaiy tumor 
of the left tempoial bone with a highly malignant potential ” 

DISCUSSION 

It would appeal that the clinical course of this patient sub¬ 
stantiates the histological diagnosis of a malignant lesion 
The rapid downhill couise described above is not the typical 
stoiy of a glomus jugulaie tumoi We have pieviously seen 
patients with equally as much oi moie tumoi involvement who 
have suivived without senous difficulty foi a penod of yeais, 
some of them luth little tieatment The rapid letum of the 
lesion aftei suigery and its spiead both locally and to distant 
sites aie fai moie chaiactenstic of a highly anaplastic squam¬ 
ous cell caicinoma of the middle eai 
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The above case history should again emphasize the fact 
that although these lesions are usually consideied to be benign^ 
malignant vanants can and do occur With the extensive in¬ 
volvement which was present m this case, it was obvious 
that complete surgical extirpation could not be achieved 
Inadiation therapy did not seem to offei any additional 
help Whethei newei techniques with n radiation therapy 
will offei moie piomismg results m the futuie, only time can 
tell At this time, howevei, we feel we must concede that the 
outlook with a malignant form of glomus jugulaie tumor 
remains pessimistic 


SUMMARY 

One case of histologically pi oven malignant glomus jugulare 
tumoi has been piesented 
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CONTROVERSIAL ASPECTS OF THE TREATMENT 
OF LARYNGEAL KERATOSIS "f 


Robert E Priest, M D , 

Minneapolis, Minn 

This papei sets foith some peisonal e\penences m the 
tieatment of lecuiient seveie laryngeal keiatosis, leviews 
the lepoits of otheis, and is wntten to focus attention on the 
pioblem of the tieatment of seveie lecuiient keiatosis 01 
leukoplakia of the vocal coids In it, no attempt is made to 
leview a laige senes of cases, 01 to diaw statistical conclu¬ 
sions, the discussion does not peitam to mild noi non-iecui- 
lent keiatosis The pioblem is piesented fiom the standpoint 
of one clinician who is tioubled by a difficult pioblem, of 
senous poitent to Ins patients, foi which only an incomplete 
solution exists Case summanes lllustiate some of the van- 
ous clinical sequences encounteied, le, (a) Keiatosis with 
quick metamoiphosis into caicinoma leading to laiyngectomy 
(Case 1), (b) Keiatosis with long interval befoie becoming 
invasive and needing laiyngectomy (Case 2 ), (c) Keiatosis 
obseived foi many yeais, tieated by ladiation and local ex¬ 
cision, and aftei many yeais still appaiently contioiled (Case 

■V 


A lecent expenence in which I lecommended madiation 
theiapy foi a man having lecuiient laiyngeal keiatosis, 
and the local ladiologist lefused to tieat him, has seived to 
make me examine caiefully the vanous aspects and lamifica- 
tions of this subject A few months ago, I lemoved a laige 
keiatosis fiom the laiynx of a 74-yeai-old man (Case 3), five 
\eais aftei lemoving a similai keiatosis fiom his laiynx 
The patient weighed 260 pounds, was not a good suigical 
candidate, and I asked Ins family doctoi, at a eonsideiable 


•Presented at the Meeting of the AUddle Section of the Viru-rKan Lur> n- 
gological Rhlnologlcil ind Otologlcal Societ> Inc Chicago Ill Januar> 
13 1953 

“■From the DUlslon of Otolar} ngologj of the University of Minnesota 
Medical Sehool Minneapolis Minn 
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distance fiom Minneapolis, to anange foi ladiation theiapy 
neai his home I explained to the local physician that the 
patient’s lesion was piecanceious, and that I hoped that ladia- 
tion would pi event latei development of a cancel The local 
physician took the mattei up with the local ladiologist and 
otheis, and the collective decision was that inasmuch as the 



Fig - 1 Case 1 Dec 7 1949 Biopsy of right \ ocal cord interpreted as 
keratosis but subsequently re-evaluated as indicating carcinoma 


lesion was not malignant, it should not be ladiated I won¬ 
dered whethei I had been wiong m lecommendmg radiation 
foi a non-cancei ous lesion, and consulted with my colleagues 
and lead what I could find on the subject, then the patient 
was biought to Minneapolis, wheie he was subjected to a full 
cancercidal dose of deep X-iay theiapy, fiactionally admin¬ 
istered, at the Umveisity of Minnesota Hospitals Radiation 
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was piescnbed heie paitly because of the expeuences out¬ 
lined below 

In 1949 and 1950, I lemoved keiatotic masses fiom the 
laiynx of a 59-yeai-old man (Case 1) In 1951, a biopsy 
showed low gxade malignancy and the laiynx was lemoved 
(Case 1, see Figs 1, 2 and 3) This lesion piogiessed fiom 



FIs 2 Case 1 Jan 11 1950 Blops> of rlsht \ocal oord and misinter¬ 
preted us was FIs 1 


keiatosis to caicmoma in two yeais This is somewhat similar 
to a case cited by Jackson, 1 and is an unhappy sequence 
which must have been encounteied by many othei physicians 

Shoitly aftei this unpleasant experience another patient 
(Case 2) with an extensive lai>ngeal keratosis, came to me 
foi advice This man had been told elsewheie to have a 
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laryngectomy on the basis of a fiozen section intei pi eted as 
indicating cancer My biopsy showed no cancel m the opin¬ 
ion of seveial competent pathologists (see Fig 4) I thought 
about the patient descubed above, whose keiatosis I had 
lemoved lepeatedly and who had developed cancel lequnmg 
laryngectomy It seemed to me that theie must be a bettei 



Fig 3 Case 1, Sept, 1950 Biopsy of right vocal cord misinterpreted 
as in Figa 1 and 2 but re-evaluated as indicating carcinoma and followed 
by laryngectomy with apparent cure 


way to tieat this condition than simply to remove keiatoses 
repeatedly I thought that any patient who developed vocal 
cord cancer aftei precanceious lesions had been excised from 
his cords lepeatedly, would suiely have a light to wondei 
whethei his doctoi had tieated him m the most effective man¬ 
ner It seemed that the doctoi should cutically examine his 
theiapeutic method 
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Schall' had shown that ladiation pioduced five-yeai cuxes 
m 92 pei cent of small coi dal epitheliomas, howevei, I knew 
that ladiation 1 educed the viability of tissues If suigeiy 
was needed latei, this ceitamly would have to be taken into 
account My memory of phaiyngostomes, shown to me by 
Di Waltei Woik at The Veteians’ Hospital in San Fiancisco, 



Fi£ -1 Cam. 2 Jul\ 17 1952 Blopss of ri^ht \ocal cord Interpreted as 
Indication keratosis and no carcinoma Cords then stripped of keratosis 
(Jills 21 1952) Patient subjected to repeated biopsies and X-ray therapy 
to larjnx In 1D57 blops> showed carclnoniu and lar> n£ectom> ssas done 


was vivid These gaping holes had lesulted fiom pool wound 
healing m patients having laiyngectomy aftei ladiation had 
failed to cuie then laiyngeal cancels 

In consideung Case 2, I telephoned to one of the counties 
most eminent laiyngologists m anothei city and discussed 
the problem w ith him He said that he had been through the 
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same senes of expenences, and had used X-iay theiapy to 
treat patients with lecunent laryngeal keiatosis m a small 
numbei of cases with seemingly good lesults, theiefore the 
patient who had been advised elsewheie to have a laryn¬ 
gectomy (Case 2) was tieated by stnpping his cords com¬ 
pletely of keiatosis, and the larynx was radiated with deep 



Fig 5 Case 3 Jul} 1952 BIopsj of left cord In 69-} ear-old male In¬ 
terpreted as keratosis See Fig 6 for biops} of same case fI\ e } ears later 


X-iay The keiatosis seemed to legless, and in 1955, thiee 
yeais aftei the first biopsy, a specimen was presented at the 
Umveisity of Minnesota's pathologists’ conference This 
conference is attended by pathologists from some 20 hospitals 
in Minneapolis and St Paul These men could see no dif- 
feience m slides made m 1955 and those m 1952 They did 
not lule out a diagnosis of pie-invasive carcinoma, but 
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thought one could classify the lesion as keiatosis 01 leuko¬ 
plakia with equal accuiacy 

Fiom 1955 to 1957 lepeated biopsies showed no change, 
but m 1957 an invasive caicmoma of the vocal coid was diag¬ 
nosed and the laiynx lemoved The histones of Casses 1, 2, 
3 and 4 aie summanzed at the end of the papei and photo- 
miciogiaphs of then laiyngeal biopsies aie piesented theie 
(see Figs 1 thiough 9) 

~ ^ 





Fig 6 Case 3 April 26 1967 Biopay of right cord for recurrence of 
keratosis illustrated in Fig 5 Local]} excised and later treated b\ full 
cancercidal dose of deep X-ra> 


In tieating leukoplakia 01 keiatosis 01 caicmoma in situ of 
the vocal coids, the laiyngologist is dependent upon the pathol¬ 
ogist’s mteipietation of the biopsy and his geneial attitude 
as well as his nomenclatuie and classification In Case 1 
cited above, the onginal leports by the pathologist examining 
biopsy specimens indicated no invasive tendency on the pait 
of the tumoi, aftei the laiynx had been lemoved foi cancel, 
1 e-e\ammation of the ongmal slides bv anothei pathologist 
showed that the invasive tendency could occasionally be dem- 
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onstrated (see Fig 1) It is easy foi the pathologist to tell 
frankly invasive cells fiom f lankly non-mvasive cells m 
epithelial biopsies, but to be suie when the lessei degiees of 
invasiveness appeal is difficult The sections examined can¬ 
not lepiesent the entne specimen, and the pathologist’s phil¬ 
osophy, astuteness, nomenclatuie and bieadth of expenence 
all influence his report 



Fig- 7 Case 4 1949 Biopsy of right and left vocal cords yielded tissue 

of this type Interpreted as keratosis Deep X-raj therapj to larynx In 
1952 Recurrences thereafter were limited to one small area of left cord. 
See Figs S and 9 for tissue taken seven and eight years later 


Paik and Lees 3 say that the pathologist, when he is at all 
uncertain, must play safe and make a “piagmatic” diagnosis 
of malignancy They cite uiologic pathologists who say that 
mtiamucosal caicmoma of the prostate is piesent m 12 to 40 
pel cent of males aftei the age of 50 years despite the fact 
that the death rate fiom this disease is only about 1 pei cent 
of the deaths of all males This example lllustiates the 
piesent disciepancy between the morphologic definition of 
caicmoma and some clinical realities 
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The teims leukoplakia, caicinoma m situ, incipient caici- 
noma, pieunasive caicinoma, mtiamucosal caicinoma and 
supeificial non-invasive mtia-epithelial caicinoma aie en- 
counteied in a discussion by Hertig and Younge" 1 elating to 
caicinoma of the utenne ceivix These authois say that the 
concept has been advanced that caicinoma in situ in an eaily 



Me- ft Case 4 195b Similar to Fitr 7 


stage of in\asive caicinoma, and will become invasive cancel 
if one onh waits long enough Cases aie cited in w r hich the 
metamoiphosis occuned m 11 months to 13 yeais The 
authois admit the possibility that invasion may have been 
piesent at the time of the onginal biopsy, but point out that 
the entne cervix would have to be sectioned to decide this 
Thus the\ sav “the absolute scientific pi oof that the in situ 
stage of caicinoma piecedes the invasive stage maj nevei be 
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forthcoming, since to lule out eaily invasion one must have the 
entue ceivix, but to piove the ultimate invasiveness of the 
piocess the ceivix must be left m ” 

Jones' descubed 740 patients having caicmoma of the 
utenne ceivix Of these it was found that 13 had happened 
to have biopsies made one to 17 yeais eailiei, all intei pieted 


ST’’ "■ I 

r <-ri ?■' I 



Fig 9 Case 4 1957 Similar to Figs 7 and 8 Locallj remoted and 

base cauterized w ith electrocoagulation 


as being- non-mahgnant In 12 of the 13 le-exammatxons of 
the ongmal specimens showed squamous epithelium, and in 
11 of the 12 mtiaepithelial caicmoma was piesent Jones 
said, “We theiefoie came to the conclusion that most in¬ 
dividuals with clinical carcinoma of the ceivix have a pie- 
cedmg lesion which we call ‘mtiaepithelial caicmoma' ” 

Putney and O'Keefe 3 m 1953 leviewed 125 cases of laiyn- 
geal keiatosis, and said that keiatosis of the larynx was a 
piemalignant lesion m a definite peicentage of cases when it 
peisists In then cases caicmoma supervened m less than 
six months aftei the first biopsy m six cases, and only aftei 
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eight to ten jeais m thiee cases, 41 nevei showed malignant 
degeneiation Putney and O’Keefe emphasize the need foi 
lepeated histologic examination of keiatotic lesions of the 
\ocal coids foi accuiate diagnosis Putney 4 m 1955 com¬ 
mented fuithci on these cases and otheis He said that 
benign histologic appeaiance is not pioof that the lesion will 
i einain benign He thought that management is not simple 
and includes foiceps lemoval, X-iay theiapy, excision by 
th\iotom\ appioach, madiation by suspension laiyngoscopy 
and electio-suigical lemoval of the lesion 

IVIillt i and Fishei J feel that caicmoma in situ in the larynx 
is an eaih pie-mvasive stage of intia-epithelial caicmoma 
In then senes, deep X-iay ladiation was given to ten patients, 
the supeificial lesion being stnpped away in seven In seven 
ot the ten cases, the lesion appealed to be contioiled five-and- 
a-liall to 53 months aftei tieatment Recun ences aftei six 
and lb months lespectively in two patients weie tieated by 
endolniyngeal lemoval of the lesions without fuithei lecui- 
lence Two patients weie tieated by laiyngofissuie only 
and weie still conti oiled 31 and 16 months latei Stnpping 
alone was clone in one patient whose laiynx lemamed noimal 
foi 18 months This study showed that caicmoma in situ 
ot the laijnx can be tieated by X-iay but may lecui 

Comment The laiyngologist tieating keiatosis of the vocal 
coid taces a complex pioblem Peihaps the concept that 
keiatosis oi caicmoma in situ will suiely become malignant 
if allowed to develop unchanged is tiue foi many cases If 
so, what can be done to mteilupt this metamoiphosis 9 Aside 
fiom vanous foi ms of mechanical tieatment, madiation is 
the most important agent available Unfortunately, no chem¬ 
ical agents seem to exist at this time which upset the change 
oi cells fiom the noimal to the malignant state Paienthetic- 
allj, I may sav heie that I once tieated seveial laiyngeal 
squamous cancels in males with female hoimones, because of 
the piedilection of this disease foi males, with no discernible 
lesult Tlie question of the influence of ladiation theiapy 
on m situ caicmoma is important The fundamental question 
is can ladiation theiapj influence potentially invasive 
epithelial cells, ahead], moiphologically diffeient fiom noimal 
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but not yet diffeient enough to be invasive, so that their in¬ 
vasive tendencies will be destroyed 7 Case 2, cited above, had 
the use of his larynx foi six yeais after ladiation but de¬ 
veloped cancer despite ladiation Whethei his cell meta- 
moiphosis was slowed down by the ladiation is a matter of 
opimon 

The sum total of published expenence on this subject ap¬ 
peals to be insufficient to permit an absolute conclusion at 
this time, howevei, if real vocal coid cancers can sometimes 
be cuied by radiation, when they are not far advanced 
(Schall 2 ), does it not seem possible that recuirent leukoplakia 
may be discouraged m its pi ogress towaid invasive caicmoma 
by radiation therapy 9 It is reasonable to hope that m some 
cases malignant metamorphosis will cease or be slowed down. 
The punsts will argue that those cases which do not become 
malignant were not really potentially malignant anyhow, and 
nobody can say that they aie wrong Use of radiation therapy 
foi treatment of recuiient seveie laryngeal keratosis at 
present is empirical In severe recurrent keratosis it seems 
to me to be bettei than simple mechanical removal alone, but 
m cases of localized keiatosis, not supenoi to local excision 
and electrocoagulation The treatment of laryngeal keratosis 
must be individualized m each case, and an open-minded at¬ 
titude must be maintained by the clinician, to permit the use 
of several diffeient theiapeutie methods in any one case 
Radiation may be used in conjunction wrth local excision 
and/or electrocoagulation 

It appears that seveie recunent laryngeal keratosis, like 
uterine cervical keiatosis, is probably a disease extending 
over a period of ten or more years, m which progiess from 
non-invasive to invasive is inevitable Frequent inspection of 
the larynx and lepeated biopsies to detect early change from 
non-mvasive type to invasive are essential to the management 
of the disease. 


ABSTRACTS OF CASES 

Cose 1 A.D Xo 6480 aged 59 was first examined because of hoarse¬ 
ness in December 1949 His right vocal cord was found to be completely 
covered with glistening white piled up epithelium. Biopsy Dec 7 1949 
was reported as benign keratosis (see Fig. 1) On Jan 11 1950, 35 
pieces were stripped from cord (see Fig 2) In September 1950 he 
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eight to ten yeais m thiee cases, 41 never showed malignant 
degeneration Putney and O’Keefe emphasize the need foi 
lepeated histologic examination of keiatotic lesions of the 
vocal coids foi accuiate diagnosis Putney 4 in 1955 com¬ 
mented furthei on these cases and others He said that 
benign histologic appeal ance is not pi oof that the lesion will 
lemam benign He thought that management is not simple 
and includes foi ceps lemoval, X-iay theiapy, excision by 
thyiotomy appioach, madiation by suspension laiyngoscopy 
and electio-suigical lemoval of the lesion 

Millei and Fishei'' feel that caicmoma in situ in the larynx 
is an eaily pie-invasive stage of mtia-epithehal caicmoma 
In then senes, deep X-iay ladiation was given to ten patients, 
the superficial lesion being stnpped away in seven In seven 
of the ten cases, the lesion appealed to be contioiled five-and- 
a-half to 53 months aftei tieatment .Recurrences after six 
and 16 months respectively m two patients weie treated by 
endolaryngeal lemoval of the lesions without fuithei lecui- 
lence Two patients weie tieated by laiyngofissuie only 
and weie still conti oiled 31 and 16 months latei Shipping 
alone was done m one patient whose laiynx lemamed noimal 
foi 18 months This study showed that caicmoma in situ 
of the laiynx can be tieated by X-iay but may lecui 

Comment The laiyngologist ti eating keiatosis of the vocal 
cold faces a complex pioblem Perhaps the concept that 
keiatosis oi caicmoma in situ will suiely become malignant 
if allowed to develop unchanged is tiue foi many cases If 
so, what can be done to mtenupt this metamorphosis’ Aside 
fiom vanous foi ms of mechanical tieatment, madiation is 
the most important agent available Unfortunately, no chem¬ 
ical agents seem to exist at this time which upset the change 
of cells fiom the noimal to the malignant state Paienthetie- 
ally, I may say heie that I once tieated seveial laiyngeal 
squamous cancels in males with female hoimones, because of 
the piedilection of this disease foi males, with no discernible 
result The question of the influence of ladiation theiapy 
on in situ caicmoma is impoitant The fundamental question 
is can ladiation theiapy influence potentially invasive 
epithelial cells, alieady morphologically diffeient fiom noimal 
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noma in situ et al, progi esses rather lelentlessly fiom being 
non-mvasive to bemg invasive ovei a period up to ten or more 
years is examined, and at least partially accepted as appealing 
to delineate the course of certain laryngeal lesions The simi- 
laiity of behavior of laryngeal lesions and those of the uterine 
cervix is taken into account The possibility that Gamma 
radiation may be used to slow down 01 interrupt the progres¬ 
sive change of the tumoi cells from non-mvasive to invasive 
is discussed It appeals that the use of such radiation, m 
conjunction with mechanical lemoval of the lesion may have 
value but is empirical, and its exact degiee of usefulness is 
impossible to assess If one chooses to use radiation theiapy 
he must take into account the possibility that wound healing 
m subsequent surgery may be interfered with to a substantial 
degree. 
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had recurrence of keiatosis of right cord Seventeen pieces of tissue 
Aveie removed from right cord and were reported as being keratosis and 
“no definite malignancy seen'* Consultation with other pathologists 
indicated that malignancy was present (see Fig 3), and review of sec 
tlons of previous biopsies showed that invasive tendency had probably 
been present all the time Lar>ngectom> was done on Oct 13, 1950, with 
appaient cure when patient was last examined in 1953 

Cast 3 EDS, No 11313, first examined in July, 1952 because of 
hoarseness He had been advised on basis of frozen section to have 
laryngectomj Pearl} white lesions covered all of right cord and one 
third of left cord On July 17, 1952, biopsy (see Fig 1), no malignanc} 
was found On July 21, 1952 thorough stripping of cord was done 
Patient was subjected to deep X ra) therapy elsewheie piobablv recelv 
ing less than a cancerctdal dose because he had previous radiation for 
another condition in his mandible Biopsies made In 1952 weie called 
invasive but Univeisit} of Minnesota pathologists thought thev were 
non invasive Repeated biopsies were made elsewhere and in 1957 in 
vasive tendencies were definitely found, and laijngectoni} was done 
elsewhere 

Cast 3 P E, No 11347, aged 69 weight 260 lbs was first examined 
on Jul} 19 1952, because of hoarseness, and was found to have a deep 
red lesion in the middle^ thiid of his left cord This was excised by direct 
laryngoscopy on Tul} 21, 1952, in the belief that it was cancel Biopsy 
showed only keratosis (see Fig 5) The patient was instructed to re¬ 
turn In two months He returned in five }ears f The lesion had recurred 
and had a red base and a keratotic grey suiface but the cord still moved 
freely On April 25, 1957, local lemoval was done again with the mental 
reservation that this was cancer, and again the pathologic diagnosis was 
keratosis (see Fig 6) Radiation was recommended (Patient aged 74, 
weight 260 tbs ), and the radiotherapist In the patient's home communltv 
refused to administer it on the ground that the lesion was non malignant 
Patient returned to Minneapolis and full cancercidal dose of Gamma 
ladlntion was fractional!} administered to the lai>nx in October 1957 
Obvious!} the long term result cannot be assessed at this time 

Cast } CWC.No S75 aged 49, was first examined in 1949 because of 
hoarseness Despite four weeks of vocal rest and cessation of work 
hoarseness persisted Gray masses partially covered each vocal cord 
These were biopsied (see Fig 7) and were keratosis The lesions were 
stripped off but recurred In 1950 and grew larger so that in 1952 deep 
X ray therapy in dosage just under a cancercidal dose, was administered 
to the larynx In 1953 a tln> keratotic piscque reappeared on the left 
cord This was observed through 1954 and 1955, biopsied in 1956 
see Fig 8) and In 1957 was removed (see Fig 9) Histologically It 
was still benign keratosis Electrocoagulation of the base at the last 
removal may prevent recurrence, but has reduced the quality of the 
voice Prior to radiation the keratoses occurred all over the vocal cords 
After radiation recurrence was limited to one small area on one cord 
Obvious!} this man may still develop lar>ngeal cancer but it seems 
quite likelv that he would have developed it long ago without treatment 


SUMMARY 

Box deiline malignant lesions of the larynx aie discussed 
fiom the standpoints of peisonal expenence and aftei leview 
of peitment papeis The concept that the condition vauousb 
designated as intia-epithelial caicinoma, 01 keiatosis, 01 caici- 
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noma in situ et al, progi esses rathei relentlessly fiom being 
non-mvasive to bemg invasive ovei a peiiod up to ten 01 more 
yeais is examined, and at least partially accepted as appealing 
to delineate the course of certain laryngeal lesions The simi¬ 
larity of behavioi of laiyngeal lesions and those of the uterine 
cervix is taken into account The possibility that Gamma 
ladiation may be used to slow down 01 mteirupt the piogies- 
sive change of the tumor cells fiom non-mvasive to invasive 
is discussed It appears that the use of such ladiation, m 
conjunction with mechanical lemoval of the lesion ruay have 
value but is empirical, and its exact degiee of usefulness is 
impossible to assess If one chooses to use radiation therapy 
he must take into account the possibility that wound healing 
m subsequent surgery may be mterfeied with to a substantial 
degiee 
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ATTICOMASTOIDECTOMY IN CHRONIC OTITIS 
MEDIA WITH CENTRAL PERFORATION *f 


Robert Henner, M D , 
and 

Colette Jeantet, M D , 

Chicago, Ill 

This discussion concerns itself with those patients who have 
peisistent auial dischaige due to chionic suppuiative otitis 
media m the piesence of a cential peifoiation 

These patients expenence discomfoit mainly of a fetid 
dischaige, howevei, they aie commonly consideied “safe" 
msofai as mtiaciamal complications aie concerned These 
standaids of safety weie established eaily m the histoiy of 
otologic suigeiy, and weie balanced against the known in¬ 
cidence of suigical complications of that penod Piesent day 
otologic skills m miciosuigeiy of the tempoial bone and anti¬ 
biotic theiapy have yielded such a high degiee of success that 
it seems advisable to le-evaluate cases of chionic otitis media 
with cential peifoiation as to then lelative innocence 

It should be cleaily undei stood that all methods of non- 
suigical management should fust be exhausted The majonty 
of these patients will lespond to local and paienteial antibiotic 
theiapy, as well as the time honored treatment of granulation 
tissue by excision and/oi cautei ization Adenoidectomy, when 
indicated, and tieatment of undei lying sinusitis and naso¬ 
pharyngitis, whether alleigic 01 inflammatory, paiticulaily 
m youngei patients, aie often effective adjunctive tieatment 

Theie lemams a relatively small number of patients who 
m spite of all nonsuigical measuies, continue to suppurate, 
peihaps due to nieveisible mastoid and attic pathology In 

•Head at the Meeting” of the Middle Section American Laryngologlcal 
KUinologlcal and Otologlcal Soclet> Inc Chicago Ill Jan 13 19jS 

tUnlveralt} of Illinois College of Medicine Illinois E>e ami Clt In¬ 
firmary. 
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addition, the so-called “safety” of chiomc suppuiative otitis 
media with a cential perforation lefeis to the only occasional 
piesence of bone eiosion by cholesteatoma m cential perfoi a- 
tion Otologists have all obseived lateial sinus phlebitis, ex- 
tiaduial abscess, facial paialysis aricTeven biam abscess and 
fulminating meningitis develop aftei yeais of quiescent sup- 
pui ation as the lesult of an acute exaceibation m the absence 
of cholesteatoma, also despite its low incidence, cholesteatoma 
does occui m a small numbei of such cases It may be pio- 
duced by metapl as ia, 01 a pievious attic perfoi ation may 
heal and with the very next acute otitis media, a peimanent 
cential peifoiation with chiomc suppuiation may lesult, with 
cholesteatoma as a surpnse suigical finding Because of the 
potential dangeis of continued suppuiation, and because of 
the socioeconomic disadvantage of continuous and malodorous 
dischaige, we have perfoimed suigical tieatment in. many 
such patients 

It is of intei est to note that no compaiable instance of a 
complacent attitude to chiomc suppurative disease exists for 
lesions elsewheie m the body, especially when one considers 
the vital centeis involved m the tempoial bone aiea 

In such patients, we have ovei the past 23 yeais, attempted 
ladical mastoidectomy 01 mastoidotympanectomy While this 
pioceduie was successful in conti oiling the disease, the hear¬ 
ing i espouse was often pool It must be borne m nnnd that 
the ossiculai chain m these patients was usually intact This 
was in contrast to the usual impiovement of healing after 
mastoidotympanectomy and giaftmg m patients who had 
extensive polyposis, ossiculai eiosion and cholesteatoma 

Duimg this penod, we also attempted atticomastoidectomy 
with a fenesti ation type flap, oi the Bondy type of modified 
ladical mastoidectomy The heaung lesult and cessation of 
dischaige weie giatifying, but the caie of the„mastoid cavity 
became a pioblem When we consideied the small degiee of 
mesotympanic and hypotympanic bone neciosis, and since 
many of these patients aie young, and because of the expen- 
ence of penossiculai miciosuigeiy gained fiom fenesti ation 
opeiations, we, theiefoie, decided to carry out complete mas- 
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This discussion concerns itself with those patients who have 
peisistent auial dischaige due to chiomc suppuiative otitis 
media m the piesence of a cential perfoiation 

These patients expenence discomfoit mainly of a fetid 
dischaige, howevei, they aie commonly consideied “safe” 
msofai as mtiacranial complications aie concerned These 
standaids of safety weie established eaily m the histoiy of 
otologic suigery, and weie balanced against the known in¬ 
cidence of surgical complications of that penod Piesent day 
otologic skills m miciosuigery of the tempoial bone and anti¬ 
biotic theiapy have yielded such a high degiee of success that 
it seems advisable to le-evaluate cases of chiomc otitis media 
with cential peifoiation as to then lelative innocence 


It should be cleaily undei stood that all methods of non- 
suigical management should fust be exhausted The majonty 
of these patients will lespond to local and paienteial antibiotic 
theiapy, as well as the time honoied tieatment of gianulation 
tissue by excision and/oi cautenzation Adenoidectomy, when 
indicated, and tieatment of undei lying sinusitis and naso¬ 
pharyngitis, whethei alleigic 01 lnflammatoiy, paiticulaily 
in youngei patients, aie often effective adjunctive tieatment 


Theie lemams a lelatively small numbei of patients who 
m spite of all nonsuigical measuies, continue to suppuiate, 
pei haps due to meveisible mastoid and attic pathology In 
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weekly foi 6 to 12 weeks aftei dusting of the cavity with 
antibiotic powdei This is continued until the wound heals by 
gianulations which foini fiom the antium to the endauial 
incision We have chosen to piesent nine out of 24 cases 
They aie consideied lepiesentative and descube the piocedure 
and its lesults 



Case 1 —MJL Female age eight \ears first seen in November, 1952 
with intermittent discharge from both ears for the past two years The 
family had noted some hearing loss T4 A h ad been recently performed 
Examination showed severly retracted drums and evidence of secretory 
catarrh The child v^as treated repeatedly with antibiotics for recurrent 
episodes of pain and drainage. She underwent Xray therapy of the 
nasopharynx and a second adenoldectomy The right ear responded to 
these treatments and the hearing improved but the left ear developed a 
posterior and superior perforation with persistent discharge and averaged 
a 20 db loss 

July 30 1953 an atticomastoidectomy was performed The mastoid 
showed mixed sclerosis and patches of granulation tissue with small 
areas of bone necrosis Under magnification granulation tissue was re- 
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toidectomy, including atticotomy, with caieful skeletonization 
of the labyiinth, duial plate and ossiculai chain This pio- 
ceduie is essentially an extensive simple mastoidectomy with 
addition of a complete atticotomy, pieseivmg the posteuoi and 
supenoi bony canal wall It is peifoimed endauially so as to 
piovide continuous access to the antium foi dusting with 



Fig 1 M A female. Age 8, Date of Surgery 7/30/53 
Solid lines indicate preoperative hearing Dotted lines 


indicate postoperative hearing 


antibiotic powdei postopeiatively If gianulations of the 
hypotympanum and pentubal aiea aie present, a 2 mm polish¬ 
ing bui ls^spun tluough the cential peifoiation mfeiioily 
and antenoily tow aid the Eustachian tube At the time of 
suigery, the cavity is dusted with suigical auieomycin pow¬ 
dei and the endaural incision closed with a polyethylene 
dram which leads to the antium The diain is leplaced 
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tip and the retrofacial area These were filled with granulation tissue 
The attic was exposed and granulation tissue was dissected from the 
ossicles At the end of February 1954, the ear was healed and the 
hearing was practically normal b> March 1954 The perforation closed 
spontaneouslv (Audiogram, see Fig 2) 

Case 3 —R. B Male age 23 first seen in March 1955, complaining of 
intermittent discharge from the left ear since childhood Examination 
showed a posterior central perforation with purulent drainage on the 
left side The patient had recently been treated extensively with anti 



Fig 4 A. W female. Age 19, Date of Surgery 9/1/55 


bioties with each course of therapy the perforation would close and 
secretory otitis would ensue Paracentesis would be followed by a per¬ 
sistent discharge, again he was treated with antibiotics When this 
process had occurred four times with a hearing loss fluctuating around 
30 to 35 db surgerv was advised Xra>s of the mastoid revealed a 
marked disturbance of pneumatization one could see several medi um 
sized clouded cells with thickened walls 

On March 29 1955 an atticomastoidectomy was performed There was 
necrosis of the mastoid cells and pus escaped under pressure Extensile 
granulations were found in the attic a periossicular dissection was 
carried out the tympanic perforation was freshened with a 1 mm. 
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moved from the attic and the ossicles weie exposed and thoioughl} 
cleaned 

In September, 1953, healing was complete and healing had leturned to 
uoimal and has remained well (Audiogram, see Fig 1) 

Case 2 —D D, Male age eight \ears, first seen In October, 1953, with 
a history of bilateral eai infection at two months of age treated success 
full\ with paracentesis and penicillin Tluee veais prior to the first 
xisit a lecunence of the infection had been again treated with penicillin 
followed bv T&A but the left ear had continued diaining intermittent!} 



ever since Examination showed a posterior cential perforation of the 
lett tvmpanic membrane with a protruding granuloma and purulent dis 
charge The perforation healed after removal of the granuloma and local 
dusting with aureomvcln powder, but the infection recuired in December 
1953 again It responded well with local therapv onl> to flare up once 
more In January 1951 \ ra>s showed a slighth underdeveloped left 

mastoid with patchv scleiosls and rctrolacial and tip cells Hearing 
averaged 25 db loss in that e ir Restoiatlon of hearing was most Im 
portant in this ear because ot a congenital conductive loss of 50 db in the 
right ear 

On Januar> 20 1951 an atticomastoidectomv was performed Tlit mas 
toid showed mixed sclerosis uid cells were found onb in the mastoid 
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Case 5—J A., Female, age 41, first seen in June 1956 with a history 
of repeated ear infections on the left side since 1927, the ear had been 
draining constantly for the past ^ar The patient was complaining of 
headaches and tinnitus, repeated courses of antibiotics failed to cure 
the disease and her hearing loss averaged 40 db in the left ear 

Xra\s of the mastoid showed a sclerosing mastoid bone and a few large 
cloudy perisinusal cells with thickened walls 

An atticomastoidectoim was performed on July 10 1956 Chronic 

mastoiditis granulations of the attic and a pea sized cholesteatoma of 



the anterior attic recess were found and remo\ed J the intact ossicles 
were left in place Healing was complete in September 1956 Post 
operative^ her hearing improved to a 25 db level for the speech fre¬ 
quencies there has been no evidence of recurrence of the cholesteatoma 
and the patient will shortly undergo tvmpanoplasty (Audiogram see 
Fig 5) 


Case <?—-T R Male age 11 first seen in September 1956 with a 
history of intermittent discharge from both ears for the past eight \ears 
repeated antibiotic treatment had been unsuccessful the adenoids had 
been twice removed Examination showed central perforations of both 
tympanic membranes with a purulent discharge the right ear responded 
to prolonged penicillin therapv (several courses of three to four weeks). 
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polishing bur and closed with the triangular skinflap obtained from the 
endaural incision 

Ma\ 27 1955 the diain was permanently iemo\ed in June the ear 
was dry and healed, the hearing a\erages 20 db (Audiogram see Fig 3) 

Case } —A W, Female age 19, first seen in August, 1955, complain 
ing of intermittent pain and discharge from the left ear for several years 
Examination showed a granuloma on the posterior margin of the left 
drum w r ith a purulent discharge and desquamative debris, several weeks 
of local and parenteral antibiotic care did not affect the perslsent puru 
lent discharge 



Xrays repealed a sclerotic mastoid no isolated cells could be out 
lined hei hearing averaged a 10 db loss for the speech range In tbls ear 

Attlcomastoidectomv was performed Sept 1, 1955 The ossicles were 
freed from a mass of granulations and left undisturbed The hypotym 
panum and peritubal granulations were removed with a polishing bur 
through the central perforation by the end of October the ear was dry 
but the perforation was still present In August 1956, the patient de 
veloped an acute infection of the operated ear following swimming The 
infection subsided under tetracycline therapy and the ear has been dr\ 
since Her hearing has returned to the preoperative level the perfora 
tion has persisted (Audiogram see Fig 1) 
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X ray 3 of the left mastoid re 1 ^ ealed patchy sclerosis with the exception 
of a few large clouded cells in the perisinus region, her hearing loss 
averaged 15 db An atticomastoidectomy was performed June 4 1957 

Extensive granulations were found m the mastoid which was partially 
sclerosed, the few remaining cells contained a yellowish tenacious mu 
cus, the'granulations extending into the attic were dissected from the 
intact ossicular chain Our previously described postoperative care was 
given and in August the ear was dry currently an attempt is being 
made to close the perforation with trichloracetic acid applications and 
patching her hearing loss is 5 db (Audiogram, see Fig 7) 



Case S —R F Male age 9 first seen in June 1957 with a histor\ 
of an infection of the left ear w hen he was 3 \ ears old resulting in 
a perforation with intermittent drainage the discharge became profuse 
several weeks prior to this first visit, although the patient had been on 
daily penicillin therapy for three years because of an erroneous diagnosis 
of rheumatic fe\er, the doses of penicillin had been increased and other 
antibiotics were added but failed to control the infection Examination 
of the left ear revealed a purulent exudate from a central perforation of 
the tympanic membrane. The hearing loss averaged 15 db in the speech 
range. Xrays of the mastoid revealed a large cavity due to the con 
fluence of several larger cells The trabeculation in the periantral region 
was indistinct with partial interruption and decalcification 
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but the left ear continued draining, he was placed on sygniamycin ther 
apy foi two weeks without success 

Xrays of the left mastoid showed a dlstuibed pneumatlzatlon with 
lack of aeration, his hearing loss a’veraged 5 db in this ear On January 
16, 1957, a left atticomastoidectomy was perfoimed Gianulations were 
lemoved fiom the pei ilaby rinthine area and the epitympanum On March 
25, the drain was peimanently removed and the middle ear has lemained 
diy since A spontaneous closuie of the peifoiation occurred in July 
There still was a di> perfoiation of the opposite drum this closed with 
trichloracetic acid applications The healing in both eais now show's no 
loss (Audlogiam, see Fig 6) 



Cast 7—G A Female age 3S first seen in Februur>, 1957 with a 
histor\ of bil iteral ear Infection at the agt of i followed by a chronic 
discharge from both ears and a right mastoidectomy at the age of 19 
This resulted in complete healing of the right ear, but with a residual 
hearing loss of 10 db The left tar had been draining intermittently md 
the patient had been aware of a recent increase of hearing loss on that 
side Examination showed a healed perforation of the right drum and 
a thick injected tvmpinic membrane on the left side with a small 
Dosterior central perforation and a mucopurulent discharge the infection 
responded well to prolonged tetracycline therapy but recurred shortly 
after cessation of the antibiotic 
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X rays of the left mastoid revealed patchy sclerosis with the exception 
of a few large clouded cells in the perisinus region her hearing loss 
averaged 15 db An atticomastoidectomy was performed June 4 1957 
Extensive granulations were found in the mastoid which was partially 
sclerosed the few remaining cells contained a yellowish tenacious mu 
cus the granulations extending into the attic were dissected from the 
intact ossicular chain Our previouslj described postoperati\e care was 
given and in August the ear was dry currentlv an attempt is being 
made to close the perforation with trichloracetic acid applications and 
patching her hearing loss is 5 db (Audiogram see Pig 7) 



Case S —R. F, Male age 9 first seen in June 1957 with a histon 
of an infection of the left ear when he was 3 >ears old resulting in 
a perforation with intermittent drainage the discharge became profuse 
several weeks prior to this first visit, although the patient had been on 
daily penicillin therapy for three jears because of an erroneous diagnosis 
of rheumatic fever the doses of penicillin had been increased and other 
antibiotics were added but failed to control the infection Examination 
of the left ear repealed a purulent exudate from a central perforation of 
the tympanic membrane. The hearing loss averaged 15 db in the speech 
range Xrajs of the mastoid revealed a large ca\It\ due to the con 
fluence of several larger cells The trabeculation in the periantral region 
was indistinct with partial Interruption and decalcification 
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June IS, 1957, an atticomastoidectom* 'was performed In the mastoid 
process a large confluent area of necrosis was found The entire peri- 
antral, perilabyiinthine areas and dural plate were necrotic and co'vered 
with granulations After dissection and removal of the disease the 
ossicular chain was found intact In September, 1957, the ear was dry 
with a remaining central perforation, the hearing was comparable to 
the preoperative findings the postoperative hearing loss in this ear 
averages 15 db (Audiogram, see Fig 8) 

Case 0 —D B , Male, age 10, first seen February 7, 1957, with a left 
acute subperiosteal mastoid abscess, temperature 101° F, and a discharg- 


AUD10MIT1IC RX3ULT5 



ing left ear, no landmarks could be seen because of the swelling His 
parents and* the referring ph>slcian ga\e a histor* that one >ear prior 
to his present illness he had an acute ear infection treated with anti 
biotics which resoHed without perforation or drainage 

There was no intenening difficult* until two weeks prior to admission 
when he de\eloped pain in the left ear and a spontaneous discharge He 
was immediately placed on penicillin therap* and when this did not 
control the disease terrain*cin 750 mgms dally was added Februar* 1, 
1957 In spite of this treatment the patient de\eloped a swelling o\er 
the left mastoid region on February 5 1957 while on the combined anti 
biotic therapy 
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Xra^s showed some clouding of the mastoid with some coalescence of 
the trabeculae 

An atticomastoidectomv was performed on February 7 1957 There 
was extensive breaking down of the mastoid cells granulations covered 
the dural plate and a perisinus abscess was present, a cholesteatoma 
had eroded the lateral attic wall, the cholesteatoma matrix was com 
pletely removed under magnification, the intact ossicles and the remain 
ing posterior superior canal wall were preserved a pol\ethvlene drain 
was placed in the antrum and the incision was closed The ear was dry 
in one month, and at the present the previously unseen posterior superior 
perforation is healed and the hearing loss averaged 20 db on December 
20, 1957 



Fig 10 Photograph of surgery showing complete dissection of the 
anterior and the superior attic spaces and complete mastoidectomy The 
ossicles ha\e been dissected free of all granulation 


This case was included because along with Case V a small anterior 
attic cholesteatoma was found and removed through the atticotomy ap¬ 
proach if a usual antrotomv had been performed the cholesteatoma 
would have been overlooked (Audiogram see Fig 9) 


PATHOLOGY 

G)oss The usual findings aie a dense cortex with patchy 
sclerosis m a pieviously pneumatized mastoid piocess There 
aie isolated aieas of tiabeculai necrosis along with osteo- 
genetic thickening in othei areas The areas most prone to 
bone neciosis aie the peiilabyimthme cells and the dural 
plate, particulaily m the aiea of the tegman antii, and attic 
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Flp 11 Microscopic ' lew of bone removed from mastoid showing new 
lamella being: laid dow n In an area of osteogenesis adjacent to flbrotlc 
granulation tissue with round cell Infiltration 



Fig 1- Microscopic 'lew of c>stk spaces in granulation tissue rt 
mo\td at mastoid aurgerj 
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Gxanulation tissue is piesent in the cellular lemnants, m the 
anti urn and about the ossicles Unsuspected cholesteatoma 
was found m two cases The ossicular chain is usually intact 
The bactenology has been omitted, because it was non- 
contubutoiy 

Mio oscopic The chiomc mastoiditis usually exhibits a 
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Fig 11 Microscopic view of bone removed from mastoid showing new 
lamella being laid down In an area of osteogenesis adjacent to flbrotlc 
granulation tissue with round cell Infiltration 



Fig* 12 iMicroscopic \lew of cystic spaces In granulation tissue re- 
mo\ ed at mastoid surger> 
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of a pieviously pneumatized mastoid with small aieas of 
neciosis, lack of aeiation and extensive scleiosis as a part of 
tiie co-existing piocess of bone disease and osteogenetic lepan 
This was confirmed by the pathology found at surgery It 
demonstiated the meveisibility of the disease, and often 
moie extensive infection and destiuction than had been ex¬ 
pected was encounteied This was paiticulaily demonstiated 
m the attic along the duial plate and m the perilabyimthme 



Fig 15 X-raA of a chronic mastoiditis showing- extensi\e destruction 
and confluence of cells In the entire posterior aspects of the mastoid. 


spaces by areas of bone necrosis, also unsuspected cho¬ 
lesteatoma was found m two cases Complete atticomastoid- 
ectomy without taking down the posterior 01 supenoi canal 
wall was peiformed All cases so tieated lesulted in a com¬ 
plete resolution of the tempoial bone suppuration Most 
patients enjoyed a heaung impiovement, often leturmng to 
the normal level of hearing Closuie of the tympanic perfora¬ 
tion often occurs spontaneously If the perfoiation is large it 
may be undertaken with tympanoplasty In most cases it 
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X-RAY 

The mastoid was usually well developed on X-iay examina¬ 
tion Scleiosis, loss of individual contouis of cells and cloudi¬ 
ness of antial and penantial legions was observed, and laigei 
penpheial cells, which may have been the lesult of confluence 
weie common Then tiabeculai walls weie maikedly thick- 



Flff 14 X-rai of a more contracted mastoiditis 'with a small area of 
destruction over the sinus 


ened Figs 13, 14 and 15 aie typical X-iay views of mastoid 
pathology which could benefit fiom this type of suigeiy 

SUMMARY AND RESULTS 

Nine cases of chionic suppuiative otitis media, with cential 
perforation, have been presented which did not xespond to all 
cunent methods of nonsuigical theiapy In these patients 
the X-ray pictuie of the mastoid usually gives the impiession 


STAPEDIO-VESTIBULAR OSTEOTOMY 
IN OTOSCLEROSIS 

Michel Portmann, M D , 
and 

Gilbert Claverie, M D , 

Boideaux, France 

Stapes suigery lias steadily unpioved since Rosen descubed 
his method foi stapes mobilization m 1952 This opeiation 
is lational and fascinating, because it is essentially physio¬ 
logical Despite this fact many otologists who have tiled 
tins suigeiy have been disappointed, in fact, the fust le- 
ported statistics of the lesults showed only 40 pei cent success 
Seveial factois aie responsible foi the lngh incidence of 
failuies obtained 

Fust, it is difficult to check thoroughly the extent of the 
pathology at the footplate of the stapes It becomes even 
moie difficult to peiform the best suigical maneuveis suited 
foi this particular type of footplate pathology Manipulations 
often lesult in ciuial fiactuies lather than fiactuies m the 
aiticulai inteiline itself Occasionally the concomitant as¬ 
sociation of a complete closuie of the lound window by oto- 
scleiosis lendeis ineffective a successful stapes mobilization 
In spite of these disadvantages many authois leahze that the 
futuie of otoscleiosis suigery lies in tins type of opeiative 
appioach, because it is lational and physiological 

Following “simple stapes mobilization” otologists began 
considering “stapes surgery,” and even the concept of a 
“suigery of the labjnnthine window” 1 We mentioned m a 
pievious leport 1 the different pioceduies -which we employ 
in the fiame of this suigery according to the pathology en¬ 
countered We particularly emphasized the stapedo-vestibulai 
osteotomy, -which is the object of the piesent leport Its 
technical elements aie as follows 

Editor’s Xote This manuscript received In The Lar>nsroscope Office and 
accepted for publication Januar> 3 195S 
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has been oui piactice to delay closuie of the dium by tympano¬ 
plasty because antibiotic dusting of the antial diam and 
middle eai is moie efficient with an open dium membiane 
and also because postopeiative closuie can occui spontaneous¬ 
ly, 01 be encouiaged with tuchloi acetic acid cautenzation We 
usually del ay tvmpanoplastic closuie , until aftei the eai has 
demonstiated a piolonged penod of healing and has not closed 
spontaneously 


CONCLUSIONS 

Atticomastoidectomy may be perfoimed for chionic sup- 
puiative otitis media with cential perfoiation of the tympanic 
membiane in appiopnate cases with expectation of a cessation 
of dischaige, lesolution of the disease and lestoiation of 
noimal 01 impioved heaimg 


SEVENTH INTERNATIONAL CONGRESS 
OF BRONCHOESOPHAGOLOGY 

The Seventh International Congiess of Bionchoesophagol- 
ogy will be held at Kyoto (Japan) Univeisity, Septembei 
12-14, 1958, undei the dnection of Piof Mituhaiu Goto, M D , 
Otoihmolaryngological Clinic, Kyoto Univeisity Hospital, 
Kyoto, Japan 

A legistiation fee of $25 00 U S A will be chaiged all 
physicians and a fee of $10 00 for wives oi non-medical 
guests Registeied members are admitted fiee to banquet, 
leceptions and sightseeing touis 
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Fig- 2 Principle of the Oateotomv with Interposed Graft,—I Osteotomy 
T\pe I—Ve can conserve the footplate a before the operation b after 
the operation 

II Osteotoim T> pe II—We cannot conserve the footplate a. before the 
operation b after the operation 


I APPROACH 

The appzoach must be lalge so as to see the whole stapes 
with its footplate The opeiation includes eithei the ietio- 
and supia-aunculai appioach which is laige, 1 01 the tians- 
meatal appioach When we employ the latter the phases aie 
as follows 

Fust phase (Incision) 

An incision is made one-half centimetei fiom the sulcus 
tympamcus fiom one to six o’clock on the left, 01 eleven to six 
o r clock on the light postenoi canal wall 

Second phase (Elevating) 

The tympanomeatal flap thus formed is elevated and dis¬ 
placed antenoily 


798 


PORTMANN & CLAVEREE OSTEOTOMY 



Fig- X 1—Stapes aspect before the <*peratlon 2—Disarticulation of 
the incus 3—Osteotomj and remo\al of the stapes 4—Graft on the o\nl 
window 5—The stapes Is replaced in good position on the graft C—The 
Incus Is replaced on the stapes head 
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Schematically the vaxious essential aspects aie 

1 If it is beginning otos cleiosis with a norma l stapes and 
a visible articulai intei line a ‘^simple mobilization” could be 
sufficient, howevei, it is always earned out by woiking on 
the footplate itself Dii ect action on the neck 01 head must 
b_e given up, 01 at any late should be used only to finish a 



Fig 4 An Example of the Result Given by an Osteotomy_Type H- 

Sbaded part the audiometric gain [ bone conduction before the opera¬ 
tion < bone conduction after the operation 


mobilization which has alieady been performed by roaneuveis 
on the footplate 

2 If the osteome fills up a normal stapes because it pxesses 
against the cius, the osteotomy allows the lemoval of the part 
of the osteome which disturb the motion of the stapes 

If the osteome has ovexgiown the antenoi pai*t of the 
articulai intei line, accoiding to Fowlei Jx , you can do a 
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Fig: 3 An Example of the Functional Result Obtained b> Osteotomy— 
Type L Shaded part the audiometric gain [ bone conduction before 
< bone conduction after the operation A bone conduction gain is also 
noted 


Thud phase (Coida Tynipam) 

The coida tympam neive is isolated and displaced antenor- 
ly It can be__cut if it is in the way 

Fourth phase (Bone Resection) 

Bony lesection of the annulus is veiy impoitant, in oidei 
to piovide a good view of the whole stapes We piefei to 
use_a_bui with a bent hand-piece foi this phase 

Fifth phase (Disarticulation of the Incus) 

The incus is detached at the level of the stapes head and 
pulled to the fiont It is leplaced aftei the stapes phase 

II PHASE OP STAPES SURGERY 

The pathology on the penphery of the stapes is analyzed 
with 16 magnifications oi highei 
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Technique of Osteotomy with Intel position. 3 

An objection could be made to the simple stapedo-vestibulai 
osteotomy, in fact, the new inteiline obtained by the opeia- 
tion divides two pathological bony surfaces which aie very 
active It is, theiefoie, logical to think that aftei a few yeais 
both paits of the osteome will unite again We tiled to lm- 
piove tins osteotomy by the intei position of a tissue so as to 
pi event 1 e-ankylosis The giaft to be applied on the oval 
window must be very thm Aftei vaiious expenments we 
decided on the vein giaft pieviously pioposed by Shea, Ji , 
that is, a small section fiom a vein of the back of the hand 
cut open along its long axis The connective tissue is thinned 
down This giaft constitutes an excellent mateiial to apply 
on an oval window 

Type I As soon as the osteotomy is perfoimed the .stapes is 
lemoved fiom its fiame so that the oval window is open, how- 
evei, the ossicle keeps one connection with the walls of the 
tympanum by its muscle tendon which is not cut off It is 
turned ovei its tendon and pulled down so that it does not 
impede woik on the oval window itself Thg_ mucosa which 
sunounds the window is lemoved TJie giaft is then applied 
to the window with its adventicia towaid the labynnth and 
its endothelium towaid the tympanum Finally the stapes 
is_ieplaced into its piopei place in the window, but on the 
giaft which is used as an intei position 

Type II In certain cases the window is completely closed by 
a veiy thick and white bone fiom winch the cruia seem to 
emeige It is not possible to cieate a footplate m such a lesion 
We must then cut the ciuia neai the osteome so that the 
stapes consists of only the head and ciuia It is still attached 
to the stapedius tendon The oval window is then cleaied of 
otoscleiotic bone The giaft is applied, endothelial side out, 
to the lecieated oval wmdow The stapes is then leplaced 
with the ends of the ciuia dnectly connected with the vein 
giaft, which is used as a footplate 


III CLOSURE OF THE OPERATIVE FIELD 
Bleeding must be avoided Aftei suction the necessary 
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section of the anteiioi cius and the anteuoi part of the foot¬ 
plate to isolate the lesion One can also make an osteotomy 

3 In many othei cases the osteome is more extensive and 
occludes the articulai line We can then perform a stapedo- 
vestibulai osteotomy 

4 Sometimes the lesion coveis the entne stapes completely 
In this case it is again possible to tiy an osteotomy and a 
"fenestration” m the aiea of the oval window 

We have then seveial methods of stapedio-vestibulai oste¬ 
otomy available aecoidmg to the type of pathology 

Instmments 

We employ the following instiuments 

Thin osteotomes needles and fine hooks with a stiaight 
handle and also with a spoon-shaped handle The shape of 
the lattei (aftei the Zollnei idea) facilitates visibility but 
does not permit the lotaiy motion, which is possible only with 
a stiaight handle mstiument 

^special miciodull, already described - 

Thin suction tubes peimittmg the washing with seium 
This liquid with a composition similai to perilymph should 
be used at 37° centigiade 

Technique of the Simple Osteotomy 

With the thin osteotomes (needles) small holes are made 
m the expected zone of the articulai interline We must be 
caieful not to ciack the ciuia When this maneuver is impos¬ 
sible, due to the thickness of the bone, we must have lecouise 
to the microdiill This permits the perfoimmg of micioscopic 
labyrinthine tiepanations like a dotted line ciossmg the lesion 
It is then possible to fiactuie the bone between the holes 
and thus obtain mobilization In some cases the pathology is 
very localized, geneially m both the uppei and anteuoi pait, 
so that the osteotomy must be peiformed only m this aiea 
Occasionally the footplate is atiophic, transparent and con¬ 
trasts with the density of the anterior part Then the action 
must be very gentle m oidei to avoid its fractuie 
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Technique of Osteotomy unth Intel position 3 

An objection could be made to the simple stapedo-vestibulai 
osteotomy, in fact, the new inteiline obtained by the opeia- 
tion divides two pathological bony surfaces which are very 
active It is, theiefoie, logical to think that after a few yeais 
both paits of the osteome will unite again We tiled to 1 m- 
piove this osteotomy by the intei position of a tissue so as to 
pi event 1 e-ankylosis The giaft to be applied on the oval 
window must be very thin Aftei various expenments we 
decided on the vein giaft pieviously pioposed by Shea, Ji , 
that is, a small section from a vein of the back of the hand 
cut open along its long axis The connective tissue is thinned 
down This giaft constitutes an excellent matenal to apply 
on an oval window 

Ty-pe I As soon as the osteotomy is performed the .stapes is 
lemoved fiom its fiame so that the oval window is open, how- 
evei, the ossicle keeps one connection with the walls of the 
tympanum by its muscle tendon which is not cut off It is 
turned ovei its tendon and pulled down so that it does not 
impede woik on the oval window itself The mucosa which 
suirounds the window is lemoved T{ie giaft is then applied 
to the window with its adventicia towaid the labyrinth and 
its endothelium towaid the tympanum Finally the shipes 
is^ieplaced into its piopei place m the window, but on the 
giaft which is used as an mteiposition 

Type II In ceitam cases the window is completely closed by 
a very thick and white bone from which the cruia seem to 
emeige It is not possible to cieate a footplate m such a lesion 
We must then cut the ciuia neai the osteome so that the 
stapes consists of only the head and cima It is still attached 
to the stapedius tendon The oval window is then eleaied of 
otosclerotic bone The giaft is applied, endothelial side out, 
to the leeieated oval window The stapes is then leplaced 
with the ends of the ciuia dnectly connected with the vein 
giaft, which is used as a footplate 


III CLOSURE OF THE OPERATIVE FIELD 
Bleeding must be avoided Aftei suction the 


necessary 
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mici ocoagulation is perfoimed The incus is put back in 
place on the head of the stapes The coida tympani neive 
is leplaced and finally the tympanomeatal flap 

Post-opeiatively the patient may piesent a synch ome of 
labynnthme nutation, sometimes seveie, with nystagmus 
towaid the side of the opeiation The slightest motion of 
the head may piovoke dizziness and nausea This leaction 
disappeais within a few days Sometimes theie is no le¬ 
action at all 


CONCLUSION 

These suigical pioceduies aie still m the expeiimental 
stage The excellent lesults which we have obtained with 
them indicate that they aie an impiovement in stapes suigery 
The peicentage of success foi all stapes suigery is steadily 
mci easing despite many persistent technical difficulties and 
as yet unestimated suigical usks We believe that futuie 
technical piogiess will lesult in maximum lesults 
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AMERICAN BOARD OF OTOLARYNGOLOGY 

The Ameiican Boaid of Otolaiyngology will conduct only 
one examination m 1958, and this will be Octobei 6-9, 1958, 
in Clucago, Illinois, at the Palmei House 

Foi fuithei infoimation addiess Di Dean M Lieile, 
Secy-Tieas, University Hospital, Iowa City, Iowa 



UNILATERAL PARALYSIS OF VOCAL CORD 
FOLLOWING ADMINISTRATION OF 
TETANUS ANTITOXIN (TAT) * 

Milos Baser, M D, 

New Yoik, N Y 


Any penpheial neuntis aftei admimstaation of tetanus 
antitoxin (TAT) is veiy laie, if one consideis the enormous 
numbei of peisons tieated with it Involvement of the lecui- 
lent laryngeal nerve is even less fiequent, but nevertheless it 
should be known that it may occui Bearing this m mind 
may be helpful in establishing the conect diagnosis of uni- 
lateial vocal coid paialysis of “unknown” ongm The piog- 
nosis is uniformly good and no specific treatment needed 
Incidentally ACTH and Coitisone have been tried without 
any significant acceleiation of lecovery 

The etiology and pathology of this entity weie well dis¬ 
cussed m pievious papeis, 14101112 and the leadei is lefened 
theie foi details Involvement of the lecunent laryngeal 
nerve piobably follows the same pattern as m othei penpheial 
nei-ves, i e edema of the nerve due to imparted blood supply, 
which causes temporary damage to the nerve and impans its 
function The damage to othei penpheial neives, especially 
those of biachial plexus, may be permanent, and certain 
authois assess the incidence as high as 20 pel cent 412 In 
both of out cases, m spite of good and relatively fast func¬ 
tional lecovery, theie lemamed some sluggishness m move¬ 
ments of both vocal coi ds and arytenoids even six months aftei 
the onset of the paialysis One yeai latei, howevei, both 
cases showed noimal function 


It is geneially stated that neuntic complications aftei TAT 
appeal about one week aftei its application 4 This was tiue 
m oui second patient, who had a paialysis of the left vocal 
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cold as a single complication aftei TAT admmistiation The 
fust patient, a case of seveie tetanus infection, had a light 
biachial plexus involvement with paialysis of light vocal 
cold which was discoveied in the fouith week of hospitaliza¬ 
tion Heie, howevei, TAT was given both piophylactically 
and latei on, theiapeutically, in high doses, so that it was 
haid to decide which one of these sepaiate doses of TAT was 
the cause of paialysis 

REPORT OP TWO CASES 

Case 1 P R , 18 years old white male admitted on September 2 1952, 
with chief complaint of stiffness of neck and pain in thioat and shoulders 
of 16 hours duration One week prior to the admission the patient fell 
down cutting his right forearm on a dirty rock The wound was sutured 
b\ a local physician, a prophylactic dose of TAT was given and the 
patient started on penicillin twice a day Two days prior to the admis 
sion the wound became infected and several sutures were removed by 
the local physician The following day the patient began to feel stiffness 
in his neck and throat and was running temperature On admission 
there was stiffness of neck pain on motion of neck shoulders and upper 
back muscles Trismus was pronounced, making the examination of the 
larynx impossible There was, however, no hoarseness and no respiratory 
distiess Laceration 6 cm long on the right lower forearm was infected 
and partially closed with three sutures The wound was opened, cultures 
and smears taken which eventually grew Clostridium tetani debridement 
and treatment with irrigations and soaks were carried out Patient re¬ 
ceived 200,000 units of TAT 60 000 of which w r ere injected around the 
wound and 140 000 i m In spite of heavy sedation he had frequent attacks 
of opisthotonic spasms and required tracheotomy on the second day for 
lan ngospasm After a severe and rather stormy course he improved 
after three weeks, and tracheotomv tube was removed on the twenty 
first postoperative day Tow r ard the end of the fourth week of hospitaliza 
tion it was disco’sered that he was hoarse, and indirect laryngoscopy 
showed a paralyzed right vocal cord At the same time he developed 
weakness of right shoulder, forearm and wrist He was improving 
quickly without any specific therapy, and three months later his voice 
was normal and only some sluggishness of the movements of the right 
cord and right arytenoid still persisted Last check on April 29, 1954, 
showed a perfectly normal function of both cords 

Case 2 F L 43 years old, white male was seen at E N T Clinic on 
June 9 1953 with a chief complaint of hoarseness of seven weeks* dura 
tion Indirect laryngoscopy revealed a parahsis of left vocal cord with 
minimal movements of left arytenoid His histor\ was essentlalh nega 
the except that he was given ‘a tetanus shot'* by his local physician for 
puncture wound of his foot One week following the injection he sud 
denly became dyspneic and hoarse Dyspnea disappeared soon, but 
hoarseness persisted Patient was referred to Speech Clinic for speech 
therapy and impro\ed \er\ much in one month When seen at E V T 
Clinic one \ear later his left \ocal cord showed normal function 


SUMMARY AND CONCLUSIONS 

Two cases of paialysis of the lecunent laryngeal neive 
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aie lepoited wheie the cause appaxently was the leaction. to 
TAT The fust case developed umlateial paialysis of the 
vocal coid aftei theiapeutical dose of 200,000 units of TAT 
aftei having leceived a piophylactic dose one week befoie 
theiapy was started In this case theie was an associated 
involvement of light biachial plexus The second case de¬ 
veloped umlateial paialjsis aftei piophylactic dose of TAT, 
and this was the only complication piesent 

Both cases impioved functionally ad integnun within six 
months without any specific theiapy The second case le¬ 
ceived speech theiapy, which tve believe was helpful to ovei- 
come fastei the acute penod of voice impaiiment and helped 
him m social leadjustment 
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DIFFERENCE LIMEN OF INTENSITY IN HEARING 
IMPAIRMENT DUE TO CRANIOCEREBRAL 
INJURY * 

Akmo L Hormia, 

Tuiku, Finland 

Auditoiy damage m connection with ciamoceiebial mjuiy 
is due to labyimth concussion, which damages the oigan of 
Corti This has been confnmed by both expenmental studies 
(Schuknecht 20 ) and by clinical obseivations (Diookei, 0 
Giove 0 ) Accoidmg to the seventy of the blow, the end- 
oigan damage consists of loss of the external hau cells, loss 
of the external and internal han cells, or complete disappeai- 
ance of the oigan of Coiti (Scliuknecht 20 ) 

In Memeie’s disease, lecruitment is a constant fmdmg 
This is also the case m end-oigan deafness caused by acoustic 
tiauma In letiolabynnthme healing disoideis, on the othei 
hand, leciuitment does not exist (Day, 4 Dix, 5 Eby and Wil¬ 
liams, 7 Regei and Kos 13 ) Even though the diffeience limen 
and leciuitment phenomena aie not exactly identical, they 
aie, howevei, based on 1 elated physiological backgiounds 
(Fowlei, 8 Hush, 10 Lund-Iveisen, 14 Tonndorf 21 ) , theiefoie, 
in cases with leciuitment, a 1 educed diffeience limen foi 
intensity has been obseived and vice veisa (Bekesy, 1 Lund- 
boig, 13 Luschei, 16 Jeigei 12 ) 

As the heaimg loss following head mjuiy, is due to end- 
oigan damage, one might suppose that the leciuitment phe¬ 
nomenon and a 1 educed diffeience limen should be chaiactei- 
lstic foi it, howevei, clinical obseivations show that patients 
with concussion of the labyimth aftei seveie head tiauma 
do not lespond unifoimly Both cases with deci eased dif¬ 
feience limen and leciuitment, as well as cases with normal 
diffeience limen and without leciuitment have been seen 
(Luschei, 10 Saltzman 10 ) 

•From the Brain Injury Hospital Helsinki Eero Hlllhom M Er Chief 

Editors Note This manuscript recelted In The Laryngoscope Office and 
accepted for publication Ma> S* 1957 
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MATERIAL 

The diffeience limen m healing impairment due to cianio- 
ceiebial tiauma was investigated by means of Bekesy 1 
audiogiams m a senes of 43 wai veteians In this senes 
weie included all cases with a heanng loss of at least 30 db 
m one oi moie fiequency langes The age of the patients 
vaned fiom 30 to 50 yeais, being 37 yeais on an aveiage 
The investigation was earned out on an aveiage of 12 yeais 
aftei injury In eveiy case a detailed neuiologic investigation 
was undei taken, and m a detailed psychologic investigation, 
special attention was given to signs of impaned peiception 
and attention capacities In eacli case, the subjective tioubles 
caused by the heanng lmpanment weie also noted In the 
symptomatology, the symptoms of ceiebial injury dominated, 
the heanng impairment being of secondaiy impoitance In 
30 cases the pnmary injury had been a local cianial tiauma 
due to high-speed missiles, geneially sluapnel and bullets In 
the otliei 13 cases the pnmary mjuiy had been a cianio- 
ceiebial concussion 

In analogy with Lundboig, 13 the Bekesy 1 audiogiams weie 
giouped in foui types accoidmg to the amplitude of the dif¬ 
ference lunen Type IV lepiesents a stiongly reduced dif¬ 
ference limen, Type III a paitially leduced one, Type II, a 
tendency to a i educed difference limen, and Type I, a normal 
diffeience limen In addition to this, patients with a differ¬ 
ence limen highei than 20 db at some fiequency langes 
foimed an extra gioup of a high diffeience limen (Luschei 16 ) 

RESULTS 

In one single case the Bekesy 1 audiogiam lepiesented Type 
IV Tins was a case of tempoial injury The heanng was 
impaned, and the i educed diffeience limen was piesent m 
the eai opposite the site of injury Tins finding is not at all 
m accordance with the pattern of heanng impairment seen 
m tempoial injuries (Homna 11 ) Indeed, in the light of othei 
clinical findings, tins case could be diagnosed as moibus 
Menieie, independent of the tiauma 



DIFFERENCE LIMEN OF INTENSITY IN HEARING 
IMPAIRMENT DUE TO CRANIOCEREBRAL 
INJURY * 

Ajrmo L Hormia, 

Tuiku, Finland 

Auditoiy damage in connection with ciamoceiebial mjuiy 
is due to labynnth concussion, which damages the oigan of 
Corti This has been conflimed by both expenmental studies 
(Schuknecht 20 ) and by clinical obseivations (Diookei, 0 
Giove 0 ) Accoidmg to the seventy of the blow, the end- 
oigan damage consists of loss of the external hail cells, loss 
of the exfemal and internal han cells, 01 complete disappeai- 
ance of the oigan of Corti (Schuknecht 20 ) 

In Menieie’s disease, lecruitment is a constant finding 
Tins is also the case in end-oigan deafness caused by acoustic 
tiauma In letiolabynnthme healing disoideis, on the othei 
hand, leciuitment does not exist (Day, 4 Dix, 5 Eby and Wil¬ 
liams, 7 Regei and Kos 13 ) Even though the diffeience limen 
and leciuitment phenomena aie not exactly identical, they 
aie, howevei, based on 1 elated physiological backgrounds 
(Fowlei, 8 Hush, 10 Lund-Iveisen, 14 Tonndorf 21 ), theiefoie, 
m cases with leciuitment, a 1 educed diffeience limen foi 
intensity has been obseived and vice veisa (Bekesy, 1 Lund- 
boig, 13 Luschei, 16 Jeigei 12 ) 

As the heaung loss following head mjuiy, is due to end- 
oigan damage, one might suppose that the leciuitment phe¬ 
nomenon and a 1 educed diffeience limen should be chaiactei- 
lstic foi it, howevei, clinical observations show that patients 
with concussion of the labynnth aftei seveie head tiauma 
do not lespond umfoimly Both cases with deci eased dif¬ 
feience hmen and leciuitment, as well as cases with normal 
diffeience limen and without leciuitment have been seen 
(Luschei, 10 Saltzman 10 ) 

•From the Brain Injury Hospital Helsinki Eero Hlllbom ALD\ Chief 

Editor s Note This manuscript receded in The Laryngoscope Office and 
accepted tor publication Maj S 1957 
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material 


The diffeience lunen m healing impaument due to ciamo- 
ceiebial tiauma was investigated by means of Bekesy 1 
audiogiams m a senes of 43 wai veteians In this senes 
weie included all cases with a heanng loss of at least 30 db 
m one oi moie fiequency langes The age of the patients 
vaned fiom 30 to 50 yeais, being 37 yeais on an aveiage 
le investigation was earned out on an aveiage of 12 yeais 
aftei mjuiy In eveiy case a detailed neuiologic investigation 
was undertaken, and m a detailed psychologic investigation, 
special attention was given to signs of mipaiied peiception 
and attention capacities In each case, the subjective tioubles 
caused by the heanng impaument weie also noted In the 
symptomatology, the symptoms of ceiebial injury dominated 
the heanng impairment being of secondaiy importance In 
30 cases the pnmaiy injury had been a local cianial tiauma 
due to high-speed missiles, geneially sluapnel and bullets In 
the othei 13 cases the pnmaiy injury had been a ciamo- 
ceiebial concussion 


In analogy with Lundboig- the Bekesy’ audiogiams weie 
giouped m fom types accoidmg to the amplitude of the dif 
feience lunen Type IV lepiesents a stiongly leduced dif" 
feience Iimen, Type in a partially leduced one Tyne II » 
tendency to a leduced chffeience lunen, and Type’ I, a noimal 
diffeience lirnen In addition to this, patients with a diffei 
ence lunen highei than 20 db at some fiequency langes' 
foimed an extia group of a high diffeience lunen (Luschei-) 




In one single case the Bekesvi 

IV This was a case of tempoial injuiy™ Tht h TyPe 
mipaiied, and the leduced diffeience bipn^ heaim S was 
the eai opposite the site of injury T lm f V piesent ui 
m accoidance with the pattern of fmdln S not at all 
m temporal mjuiies (Hormia") Tnd!*? 11 * ^ mpairment seen 
clinical fmdmgs, this « co,JL ^ ' tte ' hght ofothei 
Menieie, independent of the SSL* 6 33 m0lbus 
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In foui cases the Bekesy 1 audiogiams lepiesented the Type 
III, and all belonged to the gioup of local mjunes 

In eight cases the Bekesy 1 audiogiams lepiesented Type II 
Fiom these, five weie local mjunes and thiee concussions 

In nine cases, the Bekesy 1 audiogiams lepiesented Type I, 
with a noimal diffeience limen Of these, thiee weie local 
(light tempoial) mjunes, and six weie concussions 

In 23 cases the diffeience limen was highei than noimal 
Fiom these, 19 weie local mjunes (with a total of seven 

TABLE i 

The correlations between the amplitude of difference limen in B€k4sv 
audiogram and the hemisphere of the craniocerebral injury the effective¬ 
ness of perception and attention capacities, and the subjective incon 
lenience of the hearing impairment 



Hemisphere 
of the 

Head Injur} 

Perception 

and 

Attention 

Hearing 
Impairment 
SubJectL ely 


left 

right 

impaired others 

not 

disturb disturb 

Cases with High 
Difference Limen 

15 

S 

10 

13 

17 

6 

Other Cases 

8 

12 

5 

15 

9 

11 


panetal) and foui weie concussions In two cases the dif¬ 
feience limen deci eased somewhat m highei fiequency langes 
(These cases aie, therefoie, included also m the gioup of 
Type II) The highest aveiage diffeience hmens seen m 
this senes weie 30-35 db 

Checking the factois which could be significant of a high 
diffeience limen, it was seen that in these cases the following 
factois weie moie common than in the othei cases (see Table 

I) 

The pnmaiy mjuiy was located on the side of left hemis- 
pheie 

As a consequence of the biam mjuiy, the peiception and 
attention capacities weie gieatly detenoiated 

The healing impairment was subjectively not distuibing 
foi the patient 
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Regal ding no one ol these taetois could the lesults be 
shown to be statistically significant because of the sma 
numbei of cases The significance ot these three factois 
may be seen moie cleailj b\ examining ieu o a e 
Fiom the 23 cases with a high difference limen eight had 
less than two ot the tlnee factois mentioned above in 15 
cases two oi tlnee of the factois weie piesent In the sei e 
of the othei 20 cases the numbei s veie 15 and five 
shows a clear difference between the group of cases vi t 
high difference limen and the other group (Statistica y 


significant, -^-=2 62) 


DISCUSSION 

In the light of the mataial p. esented above, it is obvious 

that a leduced diffeience limen is not cliaiactenstic foi the 
that a reau connection with ciamoceiebial m- 

juneT^thTmeclranism of the hearing impairment is one 
Junes, yet i , f +i ius is a question of end-oigan 

of labynnth concussion ^ ^ agiee Wlth the pie vailmg 

opmmn that a .educed diffeience hmen and leciuitment aie 
typical of labynnth deafness 

„ a ct,o-ntms have explained the leciuitment phe- 

s °me in ^ ieactl0n of the moie mtact mnei han cells 

n ° me iTwith damaged outer han cells (Lurie, 15 Meyer zum 
m cases w mnel hail cells lie dnectly agamst the 

Gottesbeig J ^ leasonable to assume that m cases with 
bone, tirus, ^ t j ie concussion effect which ieach.es the 

se ^ eie tliEnough the bones of the skull also damages the 
labynn^ >pheie can even be a secondary degeneration 

1I l n ® 1 1 el ipheial coclileai neuion (Schuknecht 20 ) Compaied 
° thtiie mechanism of acoustic tiauma (Bemabei-) and the 
W1 ease( j endolymphatic piessuie mechanism of the heaimg 
inC1 anme nt in Memfeie’s disease (Cawthome and Hewlett 3 ), 
It seems possible that in cases of blows to the head the innei 
han cells receive relatively moie damage, even though these 
a ie not so easily mjuied as the moie sensitive outei hair 
cells 

The explanation of the absence of leduced diffeience limen 
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m cases with deafness due to head tiauma may be found in 
a moie unifoim damage of the oigan of Corti with its neive 
supply 

A high diffeience limen was seen m one-half of the cases 
Luschei 10 has expiessed the significance of psychic factois 
foi the occunence of high diffeience limen This obseiva- 
tion was conflimed in the matenal piesented above High 
diffeience limen was seen especially in cases wheie the ceie- 
bial mjuiy was on the side of the dominating hemispheie 
and had caused a detenoiation of the peiception and attention 
capacities It was also seen that the subjective inconveniences 
of the heaung impaiiment foi these patients weie of less de- 
giee than foi the otheis This can be undei stood as a sign 
of a detenoiation, especially of those aieas of peiception and 
attention functions which aie closely connected with auditive 
sensations (Hoimia 11 ) These findings show that the psychic 
factois causing high diffeience limen can be due to oigamc 
biam damage 


SUMMARY 

The diffeience limen m healing impairment caused by 
ciamoceiebial mjuiy was studied with the Bekesy audiogiams 
m a senes of 43 wai veteians In only foui cases could a 
paitly 1 educed diffeience limen be seen As a possible ex¬ 
planation foi the absence of i educed diffeience limen, the 
mechanism of the heaung impaiiment m connection with 
head blows was consideied It is a question of end-oigan 
deafness due to concussion of the labynnth This concussion 
wave leaches the labynnth thiough the bones, theiefoie, 
the mnei hail cells aie moie pi one to the damage and a moie 
unifoim damage of the oigan of Coiti lesults than in those 
types of end-oi gan deafness chaiactenzed by a l educed dif¬ 
feience limen and piesence of leciuitment 

A high diffeience limen was seen in one-half of the cases 
In these cases signs of detenoiated (auditive) peiception and 
attention capacities weie noted The lesult thus conf 11 ms the 
significance of psychic factois upon the incidence of a high 
diffeience limen 



HORMIA CRANIOCEREBRAL INJURY 


813 


REFERENCES 

1 B£k:£sx G a A New Audiometer Acta Oto-Laryngol , 35 411 1947 

2 Bera vbli I Contnbuto alio Studio delle Alterazioni Funzionali ed 
Anatomico jstologiche Sperimentali del Labinnti Cocleare da Trauma 
Acustico (rumore bianco dl soffione) Boll Hal Orecch , 73 545, 1955 

3 C vwthob'se, T and Hewlett, A. Mdmdres Disease Proc Boy 
Soc Hed 47 663, 1954 

4 Da\ K Mdni£re s Disease Present Concepts of Diagnosis and 
Management Ann Otol Bhmol and LaryngoJ 59 966, 1950 

5 Dix, U Hxixplee, C and Hood J Observations Upon the Loud¬ 
ness Recruitment Phenomenon with Especial Reference to the Differ 
ential Diagnosis of Disorders of the Internal Ear and VIHth Nerve Jour 
LaryngoJ and Otol b2 671 1948 Nerve Deafness Its Clinical Criteria 
Old and New Proc Boy Soc Hed 42 527 1949 

6 Drooker J Wartime Experiences with Skull Injury and Blast 
and Their Effect on the Ear AJLLA. Arch Otolaryngol , 58 546 1953 

7 Eby, L and V illjaais, H Recruitment of Loudness in the Differ 
ential Diagnosis of End Organ and Nerve Fiber Deafness The Lar\\ ro- 
scope 59 400 195L 

S Fowler E Reciuitment of Loudness Phenomenon The Laraago- 
scope, b0 6S0 1950 

9 Grove, W Hearing Impairment Due to Craniocerebral Trauma, 
Ann Otol Rhuiol and Laryngol , 56 264 1947 

10 Hirsh I Palv \ T and Goodman A, Difference Limen and Re¬ 
cruitment. AAIH Arch Otolaryngol 60 525 1954 

11 Hormia A Impairment of Hearing in Connection with Cranio¬ 
cerebral Injury 4c/a Psych tat Xenrol Scand 33 S3 195S 

12 Jergeb. J Difference Limen Recruitment Test and Diagnostic 

Significance The Laraagoscope, 62 1316 1952 

13 Lx xdborg T Diagnostic Problems Concerning Acoustic Tumors. 
A Studv of 300 Verified Cases and the B6k6sy Audiogram in the Differ¬ 
ential Diagnosis Acta Oto-Laryngol Suppl 99 1952 

14 Ltjyo-I versed l Investigation on Difference Limen Determined bj 
Method of Ldscher Zwislocki in Normal Hearing and m Various Forms 
of Deafness Acta Oto-Laryngol , 42 219 1952 

15 Lerie M Studies of Acquired and Inherited Deafness Jour 

Acoust Soc Amer 11 420 1940 

16 LUscheb, E Difference Limen of Intensity Variations of Pure 
Tones and Its Diagnostic Significance Proc Boy Soc Hed 43 1116, 
1956 

17 Meier zcxi Gottesberg A. Zur Phvsiologie der Haarzellen Arch 
Ohren Xaseti Kehlhopf 155 30S 194S 

IS Reger, S and Kos C Clinical Measurements and Implications 
of Recruitment Ann Otol , Rhuiol and Laryngol, Q 1 810 1952 

19 S vlzhaa M Recruitment Phenomenon in Craniocerebral Trauma, 
Report of Representative Cases A JfJL. Arch Otolaryngol , 52 7S2 1950 

20 Schuexecht H. Neff, W and Perlaiaa', H Experimental Study 
of Auditor} Damage Following Blows to Head Ann Otol Rhinol and 
Laryngol , bO 273, 19ol 

21 Toaadorf J Brog \a f and Washbcrx, D Auditor} Difference 
Limen of Intensity in Normal Hearing Subjects AHLA Arch Otolaruji- 
gol , 62 292 1955 



DIRECTORY OF OTOLARYNGOLOGIC SOCIETIES 

(Secretaries of the various societies are requested to keep this 
Information up to date) 


AMERICAN ACADEMY OF OPHTHALMOLOGY AND 
OTOLARYNGOLOGY 

President Dr Erling W Hansen, 90 So Ninth St, Minneapolis, Minn 
Executive Secretary Dr William L Benedict, Mayo Clinic, Rochester, 
Minn 

Meeting Palmer House, Chicago, Ill 


AMERICAN BOARD OF OTOLARYNGOLOGY 
Meeting Palmer House, Chicago, 111 


AMERICAN BRONCHO-ESOPHAGOLOGICAL ASSOCIATION 

President Dr Walter Hoover, 605 Commonwealth Bldg , Boston, Mass 
Vice-President Dr Walter P Work, 384 Post St San Francisco Calif 
Secretary Dr F Johnson Putney 1719 RIttenhouse Square, Philadel 
phia, Pa 

Treasurer Dr Verling K. Hart 106 W 7th St, Charlotte, N C 
Meeting Mark Hopkins Hotel San Francisco, Calif, May 21 23, 1968 


AMERICAN LARYNGOLOGICAL ASSOCIATION 

President Dr Harry P Schenk, 326 S 19th St, Philadelphia 3, Pa 

Secretary Dr James H Maxwell, University Hospital, Ann Arbor, Mich 

Place Fairmont Hotel, San Francisco, Calif , May 19 20, 1958 

AMERICAN LARYNGOLOGICAL, RHINOLOGICAL AND OTOLOGICAL 

SOCIETY, INC 

President Dr Lawrence R Boies, University Hospital, Minneapolis 14, 
Minn. 

Secretary Dr C Steuart Nash 700 Medical Arts Bldg, Rochester 7, 
NY 

Place Mark Hopkins Hotel, San Francisco, Calif, May 21 23, 1958 
Place The Homstead, Hot Springs, Va., March, 1959 


AMERICAN MEDICAL ASSOCIATION, 

SECTION ON LARYNGOLOGY, OTOLOGY AND RHINOLOGY 

Chairman Dr Gordon D Hoople, Syracuse N Y 
Vice-Chairman Dr Kenneth L. Craft, Indianapolis, Ind 
Secretary Dr Hugh A Kuhn, Hammond, Ind 

Representative to Scientific Exhibit Walter Heck, M D, San Francisco, 
Calif 

Section Delegate Gordon Harkness, M D Davenport, Iowa 
Alternate Delegate Dean Llerle, M D , Iowa City, Iowa. 

814 



AMERICAN OTOLOGICAL SOCIETY, INC 

President Dr Dean M Lierle, State University of Iowa, Iowa City, la. 
Secretary Dr Lawrence R Boies, University Hospitals, Minneapolis 14, 
Minn 

Place Fairmont Hotel, San Francisco, Calif, May 17-18, 1958 
Place The Homestead, Hot Springs, Va., 1959 

AMERICAN OTORHINOLOGIC SOCIETY FOR THE ADVANCEMENT 
OF PLASTIC AND RECONSTRUCTIVE SURGERY 

President Dr Joseph Gilbert, 111 E 61st St, New York, N Y 
Vice-President Dr Kenneth Hinderer, 402 Medical Arts Bldg, Pitts¬ 
burgh Pa- 

Secretary Dr Louis JOel Feit 66 Park Ave, New York 16, N Y 

Treasurer Dr Arnold L Caron, 36 Pleasant St, Worchester, Mass 


AMERICAN RHINOLOGIC SOCIETY 

President Dr Russell I Williams 40S Hynds Bldg, Cheyenne, Wyo 
Secretary Dr Robert M Hansen, 1735 No Wheeler Ave Portland, Ore 
Annual Clinical Session Illinois Masonic Hospital Chicago, HL, October, 
1958 

Annual Meeting October, 195S, Chicago Ill (Definite time and place to 
be announced later) 


AMERICAN SOCIETY OF FACIAL PLASTIC SURGERY 

President Dr Trent W Smith, 327 East State St, Columbus 15 Ohio 
Secretary Dr Samuel M Bloom 123 East 83 St, New York 28, N Y 
Meeting New York July 23, 195S, December 3 1958, place to be an 
nouncecL 


AMERICAN SOCIETY OF OPHTHALMOLOGIC AND 
OTOLARYNGOLOGIC ALLERGY 

President Dr Joseph W Hampsey, Grant Bldg Pittsburgh 19, Pm 
Secretary-Treasurer Dr Daniel S DeStlo, 121 S Highland Ave., Pitts 
burgh 6, Pa- 

Annual Meeting Palmer House, Chicago, 11L October 16-17 195S 

ASSOCIACAO MED1CA DO INSTITUTO PENIDO BURNIER— 
CAMPINAS 


President Dr Lech Junior 

First Secretary Dr Franco do Amaral 

Second Secretary Dr J M Quelroz Abreu. 

Librarian Treasurer Dr Souza Quelroz 

Editors for the Archives of the Society Dr Guedes de Melo Filho Dr 
Antonio de Almeida and Dr Gabriel POrto 
Meetings Twice every month first and third Thursday 8 30 P M 

ASOCIACION DE OTORRINOLAR1NGOLOGIA 
Y BRONCOESOFAGOLOGIA DE GUATEMALA 

Presidente Dr Julio Quevedo, 15 Calle Oriente No 5 
First Vice-Presidente Dr Hector Cruz, 3a Avenida Sur No 72 
Second Vice-Presidente Dr Jos6 Luis Escamilla, 5a Calle Poniento 
No 48 

Secretario-Tesorero Dr Horace Polanco 13 Calle Poniente No 9-D 

815 



AS0CIAC10N DE OTO-R1NO-LARINGOLOGiA DE BARCELONA, SPAIN 

Presidente Dr J Abello 

Vice-Presidente Dr Luis Sufie Medan 

Secretario Dr Jorge Perelld, 319 Provenza, Barcelona, 

Vice-Secretario Dr A. PinarL 
Vocal Dr J M Perrando 


BALTIMORE NOSE AND THROAT SOCIETY 

Chairman Dr Walter E Loch, 1039 No Calvert St, Baltimore, Maryland 
Secretary Treasurer Dr Theodore A, Schwartz 


BUENOS AIRES CLUB OTOLARINGOLOG1CO 

Presidente Dr K Segre 
Vice-Presidente Dr 1 P Belou 
Secretario Dr S A, Aranz 
Pro Secretario Dr J M Tato 
Tesorero Dr P Games 
Pro Tesorero Dr J A Bello 

CANADIAN OTOLARY NGO LOGI CAL SOCIETY 
SOCIETE CANADIENNE D'OTOLARYNGOLOGIE 

President Dr Robert T Hayes, 42 Cobourg St, St John, N B 
Secretary Dr Donald M McRae, 324 Spring Garden Rd , Halifax, N S 
Meeting Nova Scotian Hotel, Halifax, N S , June 9 11, 1958 

CENTRAL ILLINOIS SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr G C Otrich, Belleville, Ill, 

President Elect Dr Phil R McGrath, Peoria, Ill 
Secretary Tieasurer Dr Alfred G Schultz, Jacksonville, III 


CHICAGO LARYNGOLOGICAL AND OTOLOGICAL SOCIETY 

President Dr Stanton A Friedberg, 122 So Michigan Ave, Chicago 3 
Ill 

Vice-President Dr Maurice Snitman, 408 So 5th Ave, Maywood, I1L 
Secretary Treasurer Dr Fletcher Austin, 700 No Michigan Ave, Chi 
cago 11, Ill 

Meeting First Monday of each Month, October through May 


CHILEAN SOCIETY OF OTOLARYNGOLOGY 

President Dr Enrique Griinwald S 
Vice-President Dr Agustin Estartus 
Secretary Dr Marcos Chaimovich S 
Treasurer Dr Benjamin Kapkan K 
Director Dr Alberto Basterrica A 

DALLAS ACADEMY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr Ludwig A Michael, 3707 Gaston Ave , Dallas, Tex, 
Vice-President Dr Hal W Maxwell 

Secretary Treasurer Dr Edward A. Newell, 1511 No Beckley, Dallas 8 
Tex, 


816 



FEDERACION ARGENTINA, 

DE SOCIEDADES DE OTORRINOLARINGOLOGIA. 

Secretary of the Interior Prof Dr Atilio Yiale del CarriL 
Secretary of Exterior Dr Aldo G Remorino 
Secretary Treasury Prof. Dr Antonio Carrascos a. 
Pro-Secretary of the Interior Prof Dr Carlos P Mercandino 
Pro-Secretary of the Exterior Prof Dr Jaime A. del SeL 
Pro Secretary of the Treasury Dr Jorge Zubizarreta 


FIRST CENTRAL AMERICAN CONGRESS OF 
OTORHINOLARYNGOLOGY 

President Dr Victor M Noubleau, San Salavador 

Secretary-Treasurer Dr Hector R. Silva, Calle Arce No 84, San Salva 
dor El Salvador, Central America. 


FLORIDA SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr Chas C Grace, 145 King St, St Augustine, Fla 
President Elect Dr Jos W Taylor 706 Franklin St, Tampa Fla 
Secretary-Treasurer Dr Carl S McDemore, 1217 Kuhl Ave , Orlando, Fla 


FOURTH LATIN AMERICAN CONGRESS OF 
OTORINOLARINGOLOGIA 

President Dr Dario 

Secretary 

Meeting 


GREATER MIAMI EYE, EAR, NOSE AND THROAT SOCIETY 

President Dr William B Steinman 
President Elect Dr James H. Mendel Jr 
Secretary Treasurer Dr H. Carlton Howard 

Meeting quarterly (March, May October and December) on the second 
Thursday of the month 6 30 PM at Urmey Hotel Miami 


INTERNATIONAL BRONCHOESOPHAGOLOGICAL SOCIETY 

President Dr Jo Ono Tokyo Japan. 

Secretary Dr Chevalier L Jackson 3401 N Broad St, Philadephia 40 
Pa, U S A. 

Meeting Seventh International Congress of Bronchoesophagology, 
Kyoto Japan, September, 1958 


KANSAS CITY SOCIETY OF OTOLARYNGOLOGY 
AND OPHTHALMOLOGY 

President Dr Clarence H. Steele. 

President Elect Dr Dick H. Underwood 

Secretary Dr James T Robison 4620 J C Nichols Parkway Kansas 
City Mo 

Meeting Third Thursday of November January February and April 

817 



LOS ANGELES SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr Sol Rome 
Secretary Treasurer Dr Max E Pohlman 
Chairman of Ophthalmology Section Dr Richard Rratz 
Secretary of Ophthalmology Section Dr Carrall A McCoy 
Chairman of Otolaryngology Section Dr Howard G Gottschalk 
Secretary of Otolaryngology Section Dr Robert W Godwin 
Place Los Angeles County Medical Association Bldg, 1925 Wilshire 
Blvd , Los Angeles, Calif 

Time 6 30 P M last Monday of each month from September to June, 
inclusive—Otolaryngology Section 6 30, first Thursday of each month 
from September to June, inclusive—Ophthalmology Section 

LOUISIANA MISSISSIPPI OPHTHALMOLOG1CAL 
AND OTOLARYN GO LOGICAL SOCIETY 

President Dr Fred D Hollowell, Lamar Life Bldg , Jackson, Miss 
Secretary Dr Edley H Jones, 1301 Washington St, Vicksburg, Miss 
Meeting Edgewater Gulf Hotel, Edge%\ater Park, Miss, May 15 16, 1959 

MEMPHIS SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

Chairman Members serve as chairmen in alphabetical order monthly 
Secretary Treasurer Dr Roland H Myers, 1720 Exchange Bldg, Mem 
phis, Tenm 

Assistant Secretary-Treasurer Dr William F Murrah, Jr, Exchange 
Bldg, Memphis, Tenn 

Meeting Second Tuesday in each month at 8 00 p m at Memphis Eye, 
Nose and Throat Hospital 


MEXICAN ASSOCIATION OF PLASTIC SURGEONS 

President Dr Cesar LaBoide, Mexico, D F 
Vice-President Dr M Gonzales Ulloa, Mexico, D F 
Secretary Dr Juan De Dios Peza Mexico D F 


MISSISSIPPI VALLEY MEDICAL SOCIETY 

President Dr Arthur S Bristow, Princeton, Mo 

Secretary Treasurer Dr Harold Swanberg, Quincy, Ill 

Assistant Secretary-Treasurer Dr Jacob E Reisch, Springfield, Ill 

NETHERLANDS SOCIETY OF OTORHINOLARYNGOLOGY 
(Nederlandsche Keel Neus-Oorheelkundlge Vereenlglng ) 

President Dr H Navis Sonsbeekweg 6, Arnhem 

Secretary Dr W H Struben J J Viottastraat 1, Amsterdam 

Treasurer Mrs F VeUeman Pinto, Jac Obrechtstr 66, Amsterdam 

NORTH CAROLINA EYE, EAR, NOSE AND THROAT SOCIETY 

President Dr J C Peele, Kinston Clinic Kinston, N v, 

Vice-President Dr George E Bradord, Winston Salem, N C 
Secretary-Treasurer Dr J D Stratton, 1012 Kings Drive, Charlotte 7, 
N C 
VIeeting 


818 



NORTH OF ENGLAND OTOLARYNGOLOG1CAL SOCIETY 

President Mr G L Thompson, 16 Ramshl l l Road, Scarborough York- 
SUIT© 

Vice-President Mr J H. Otty f Frizley Old Hall, Frizinghall Road 
Bradford, Yorkshire 

Secretary and Treasurer Mr R Thomas, 27 High Petergate, York 
Yorkshire 


OTOSCLEROSIS STUDY GROUP 

President Dr Joseph A. Sullivan, 174 St George St, Toronto 5, Canada. 
Secretary-Treasurer Dr Arthur L. Juere, 611 Brown Bldg, Louisville 
Ky 

Meeting Palmer House, Chicago, Ill 


PACIFIC COAST OTO-OPHTHALMOLOG1 CAL SOCIETY 

President H. Leroy Goss, M D , 620 Cobb Bldg Seattle 1, Washington 
Secretary-Treasurer Homer E Smith, M D 508 East South Temple, 
Salt Lake City Utah. 

Meeting 


PAN AMERICAN ASSOCIATION OF OTO RHINO LARYNGOLOGY 
AND BRONCHO ESOPHAGOLOGY 

President Dr Jose Gros, Havana, Cuba 

Executive Secretary Dr Chevalier L Jackson 3401 N Broad SL, Phlla 
delphia 40, Pa., USA 

Meeting Sixth Pan Am erican Congress of Oto-Rhino-Laryngology and 
Broncho-Esophagology 
Time and Place Brazil, 1958 


PHILADELPHIA LARYNGOLOGICAL SOCIETY 

President Dr Chevalier L. Jackson 

Vice-President Dr John J O'Keefe. 

Treasurer Dr Joseph P Atkins. 

Secretary Dr Louis E Silcox. 

Historian Dr Herman B Cohen 

Executive Committee Dr Harry P Schenck, Dr , Benjamin H Shuster 
Dr William A Lell Dr , William J Hitschler 


PORTUGUESE OTORHINOLARYNGOLICAL SOCIETY 
President Dr Albert Luis de Mendonca. 

Secretary Dr Antonio da Costa Quinta Avenida, de Liberdale 65, 1* 
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PUGET SOUND ACADEMY OF OPHTHALMOLOGY 
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Secretary Dr Willard F Goff, 1216 Fourth Ave, Seattle Wash. 
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RESEARCH STUDY CLUB OF LOS ANGELES, INC 

Chairman Dr Orrie E Ghrist, 210 N Central Ave, Glendale, Calif 
Treasurer Dr Norman Jesberg, 500 So Lucas Ave , Los Angeles 17, Calif 
Otolaryngology Dr Russell M Decker, 65 N Madison Ave , Pasadena 
1, Calif 

Ophthalmology Dr Warren A Wilson, 1930 Wllshire Blvd., Los An 
geles 57, Calif 

Mid-Winter Clinical Convention annually, the last two weeks in January 
at Los Angeles, Calif 


SECTION OF OTOLARYNGOLOGY OF THE MEDICAL SOCIETY 
OF THE DISTRICT OF COLUMBIA. 

Chairman Dr J L. Levine 
Vice-Chairman Dr Russell Page 
Secretary Dr James J McFarland 
Treasurer Dr Edward M O'Brien. 

Meetings are held the second Tuesday of September, November, January, 
March and May, at 6 30 PM. 

Place Army and Navy Club, Washington, D C 


SCOTTISH OTOLARYNGOLOGICAL SOCIETY 

President E A M Connal, 1 Royal Crescent, Glasgow C 3, Scotland. 
Secretary Treasurer Dr J F Birrell, 14 Moray Place, Edinburgh 
Assistant Secretary Dr H D Brown Kelly, 11 Sandyford Place, Glas 
gow 


SOCJEDAD COLUMBIANA DE OFTALMOLOGIA Y 
OTORRINOLARINGOLOGIA (BOGOTA, COLUMBIA) 

Presidente Dr Alfonso Tribin P 
Secretario Dr Felix E Lozano 
Tesorero Dr Mario Arenas A. 


SOCIEDAD CUBANA DE OTO LARINGOLOGIA 

President Dr Reinaldo de Villiers 
Vice-President Dr Jorge de CArdenas 
Secretary Dr Pablo Hernandez 


SOCIEDAD DE ESTUDIOS CLINICOS DE LA HABANA 

Presidente Dr Frank Canosa Lorenzo 
Vice-Presidente Dr Julio Sanguily 
Secretario Dr Juan Portuondo de Castro 
Tesorero Dr Luis Ortega Verdes 

SOCIEDAD DE OTORRINOLARINGOLOGIA Y 
BRONCOESOFAGOSCOPIA DE CORDOBA 

Presidente Dr Aldo Remorino 
Vice-Presidente Dr Luis E Olsen 
Secretario Dr Eugenio Romero Diaz 
Tesorero Dr Juan Manuel Pradales 

Vocales Dr Osvaldo Suarez, Dr Nondier Asia R., Dr Jorge Bergallo 
Yofre 
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SOCIEDAD DE OTO RINO LARINGOLOGIA, 
COLEGIO MEDIO DE EL SALVADOR, SAN SALVADOR, C A 

President Dr Salvador Mixco Pinto 
Secretary Dr Daniel Alfredo Alfaro 
Treasurer Dr Antonio Pineda M. 


SOCIEDAD ESPANOLA DE OTORR1NOLARINGOLOGIA. 

Presidente Dr D Adolfo Hinojar Pons 
Vice-Presidente Dr D Jose Perez Mateos 
Secretario General Dr D Francisco Marafids 
Tesorero Dr D Ernesto Alonso Ferrer 

SOCIEDAD MEXICANA DE OTORRINOLARINGOLOGIA 
Havre 7—Desp 62 
Mexico 6, D F 

Honorary President Dr Ricardo Tapia y Fern&ndez, 

President Dr M&ximo Garcia Castaneda 
Secretary Dr Eduardo de la Parra 
Treasurer Dr Guillermo Pdrez Villas ante. 

Vocal Dr Rafael Pacchiano 


SOCIEDAD NACIONAL DE CIRUGIA OF CUBA 

Presidente Dr Reinaldo de Villers 
Vice-Presidente Dr Cdsar Cabrera Calderin. 

Secretario Dr Jos6 Xirau. 

Tesorero Dr Alfredo M Petit, 

Vocal Dr Josd Gross 

Vocal Dr Pedro Hera&ndez Gonzalo 


SOCIEDAD OTO-RINO LARINGOLOGIA DE LOS 
HOSP1TALES DE MADRID 

Presidente Dr Don Fernando Beltr&n Castillo 
Secretario General Dr Don Alfonso Vassallo de MumberL 
Tesorero Dr Don Rafael Garcia Tapia, 


SOCIEDAD VENEZOLANA DE OTORRINOLARI NGOLOGIA, 

Presidents Dr Alfredo Celia Pdrez 
Vice-Presidente Dr Bustamante Miranda, 

Secretario General Dr Jesus Miralles 
Tesorero Dr M Matheus 

Vocales Dr Perez Velasquez and Dr Wilmer Palacios 


SOCIEDADE DE OFTALMOLOGIA E OTORRINOLARI NGOLOGIA DO 
RIO GRANDE DO SUL 

President Dr Paulo Fernando Esteves 
Vice-President Dr Jayme Schilling 
First Secretary Dr Carlos Buede. 

Second Secretary Dr Moizfis Sabani 
First Treasurer Dr Israel Scherman. 

Second Treasurer Dr Rivadlvia C Meyer 
Librarian Dr Carlos M Carrion 
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SOCIEDAD PANAMENA DE OTORRINOLARINGOLOG1A 

Presidente Dr Manuel Preciado 

First Vice-Presidente Dr Alonso Roy 

Second Vice Presidente Dr Carlos Arango Carbone 

Secretario Dr Marla Esther Villalaz 

Tesorero Dr Ramdn Crespo 

SOCIEDADE PORTUGUESA DE OTORRINOLARINGOLOG1A 
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BRONCO-ESOFAGOLOGiA 

Presidente Dr Alberto Luis De Mendonca 
Vice Presidente Dr Jaime de Magalhaes. 

1 ° Secretario Dr Antonio da Costa Quinta. 

2 ° Secretario Dr Albano Coelho 

Tesourelro Dr Jose Antonio de Campos Henriques 
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SOCIETY OF MILITARY OTOLARYNGOLOGISTS 

President Capt William C Livingood, USN (M C ) 
Secretary-Treasurer Lt Col Sanley H Bear, M C, 3810th USAF Hos¬ 
pital, Maxwell AFB, Alabama 
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SOUTH CAROLINA SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr James H Gressette, Orangeburg, S C 
Vice-President Dr Robert P Jeanes, Easley, S C 
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SOUTHERN MEDICAL ASSOCIATION, 
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Chairman Elect Dr G Slaughter Fltz-Hugh, Charlottesville, Va 

Vice-Chairman Dr George M Haik, New Orleans, La 
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Vice-President Dr Calvin T Burton Medical Arts Building, Roanoke, 
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Secretary-Treasurer Dr Maynard P Smith 600 Professional Building, 
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Meeting 

WEST VIRGINIA ACADEMY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr James K Stewart, Wheeling W Va. 

Secretary-Treasurer Dr Frederick C Reel Charleston W Va 

Annual Meeting Greenbrier, White Sulphur Springs, W Va, May 31st 
through June IsL 
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NOTICE TO CONTRIBUTORS 


The Laryngoscope leserves the right of exclusive publication 
of all articles submitted This does not pieclude their publication 
m Transactions of various Societies 

Manuscripts should be typewritten, double spaced, on one side 
of paper only and with sufficient margins to allow for corrections 

Author’s name and city should appear directly under title on 
fust page, stieet address at end of article 

All prints 01 photographs to be submitted m black and white, 
m good sharp contrast Good halftones depend upon clear photo¬ 
graphs Lme drawings for zincs to be m black and white Colored 
inks or red or blue quadrille rulings will not reproduce 

References should be complete author's surname, initials, 
title of article, Journal, volume, page, month, year 

Six illustrations will be furnished for each article without cost 
to author Authors will please limit illustrations to six or assume 
the expense of additional illustrations 

Proofs will be submitted to authors for corrections If these 
are not returned, articles will be published as corrected in this 
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THE INSTITUTIONS OFFERING EIGHT-NINE MONTHS’ 
COURSE IN BASIC SCIENCE IN OTOLARYNGOLOGY 

LEADING TO 

CERTIFICATION AND HIGHER DEGREES* 


COLLEGE OF MEDICAL EVANGELISTS 

Graduate School of Medicine 
Boyle and Michigan Avenue 
Los Angeles 33, California 


HARVARD MEDICAL SCHOOL 

25 Shattock Street 
Boston 15, Massachusetts 
at Harvard Medical School and 
Manchester Eye and Ear Infirmary 


NORTHWESTERN UNIVERSITY SCHOOL OF MEDICINE 

Evanston, Illinois 


UNIVERSITY OF ILLINOIS COLLEGE OF MEDICINE 

1853 West Polk Street 
Chicago 12, Illinois 


UNIVERSITY OF PENNSYLVANIA 

Graduate School of Medicine 
36th and Pine Streets 
Philadelphia, Pennsylvania 

WASHINGTON UNIVERSITY SCHOOL OF MEDICINE 

Euclid Avenue and Kingshlghway 
SL Louis 10, Missouri 


TULANE MEDICAL SCHOOL 

1430 Tulane Avenue 
New Orleans 12, Louisiana 
at Tulane Medical School and 
Eye, Ear, Nose and Throat Hospital 


NEW YORK UNIVERSITY 

Bellevue Medical Center 
Post-Graduate Medical ScbooJ 
477 First Avenue 
New York 16, New York 

Basic Sciences in Otolaryngology 
September through June 


•Our subscribers are asked to send us information on other institutions 
giving such courses 




824 



THE 


LARYNGOSCOPE. 


VOL LXVIII MAY, 1958 


No 5 


BASIC TECHNIQUES IN MYRINGOPLASTY AND 
TYMPANOPLASTY * 


Fred R Guilford, M D , 
and 

Wm K Wright, M D , 
Houston, Tex 


The woik of Wullstem 1 and Zollnei- in the piactical applica¬ 
tion of the technique of tympanoplasty has stimulated otolo¬ 
gists thioughout the woild to become intei ested in this phase 
of lehabilitative suigeiy Berthold m 1878, fust closed a 
perfoiated eai dium successfully and repoited seveial suc¬ 
cessful lesults Eli, 4 Tageman 5 and Roosa, 6 in Ameiica, tiled 
the opeiation with questionable lesults Theie was a definite 
cessation in the piactice of tympanoplasty fiom 1900, until the 
leports of Wullstem and Zollnei again focused attention on the 
pioceduie Since then thoiough studies and lesults weie le- 
poited, it is a mattei of histoiy that the technique has been 
adopted enthusiastically, and modified to some extent by 
otologic suigeons eveiywheie ' sn 


We considei 10 tympanic skm giaftmg to be the basic tech¬ 
nique, and the five types of tympanoplasty to be modifications 
of this technique These modifications depend upon the 
pathology found in the sound conduction mechanism, the 
ossiculai chain, oval window and lound window, as well as 
upon the pathology in the mastoid cavity In all types, conti ol 
of suppuiation in the middle eai and mastoid, as well as mam- 


-rj , of Southern Section American Lar\ ngologlcal 

Rhinological and Otologlcal SocIet\ Inc Alemphls Tenn Jan 25 195S 
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tenance of an an space connecting the two mobile functioning 
windows to an adequately functioning Eustachian tube, is 
necessaiy The middle eai must be lined with mucous mem- 
biane, and the cochleai leseive should be adequate foi com¬ 
plete success of the pioceduie 

PREOPERATIVE PROCEDURES 

I —Conti ol of Suvpiu ation 

Cultuie and sensitivity tests aie obtained, and the patient 
is stai ted on specific local and systemic antibiotics when avail¬ 
able Bui low’s solution, gentian violet 01 25^pei cent aigyiol 
solutions aie used locally when the tests leveal the oigamsm 
insensitive to specific antibiotics To obtain bettei contact 
between diug and oigamsm the secietions m the middle eai 
aie aspnated at mteivals of 48 to 72 horns, and the diug 
administered thiough a cannula dnectly into the involved 
aiea of the middle eai This is done m addition to local ad¬ 
ministration of the diug seveial times daily by the patient 
If a focus m the mastoid fails to lesolve, a thoiough simple 
mastoidectomy may be done Except when cholesteatoma is 
piesent, these methods usually pioduce a diy eai If ladical 
mastoid suigeiy should be necessaiy, it should be as conser¬ 
vative as possible, especially with legald to saving the an¬ 
nulus, mucous membiane of the middle eai and Eustachian 
tube function Theie is little to be gained fiom sacrificing 
these stiuctuies, and they aie vital m suigical leconstiuction 
of the middle eai and sound conduction mechanism by tym- 
panoplastic techniques 

In oi del to cieate a patent Eustachian tube and pi event 
lecunent infection, an adenoulectomy and sinus, oi alleigic 
tieatment, may be necessaiy 

II —Test the Eustachian Tube Function 

Caieful examination of the eai may lule out middle eai 
effusion and leti action pockets, and deteimine whethei a 
middle eai an space is piesent Pohtzenzation, Valsalva 
maneuveis and cathetenzation and inflation of the Eustachian 
tube will be helpful These pioceduies give valuable infoima- 
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tion, but at piesent we do not have an absolute test of Eu¬ 
stachian tube function 

III—Seaich foi Piesence of Cholesteatoma 

A meticulous examination is made foi maigmal peifoia- 
tions, squamous epithelium m the middle eai, 01 cholesteato- 
matous debus in the perforation Magnification with the 
Zeiss operating micioscope will be helpful in this study 
Mastoid X-iays may be useful If in doubt, exploiation of the 
mastoid, epitympanic aiea and middle eai is done at time of 
suigery befoie skin giafting pioceduies aie attempted 

IV —Testing of Heai ing Function 

1 An conduction, bone conduction, speech leception tlnesh- 
old and discilmmation tests aie done loutmely 

2 Patch test—when possible a papei patch is applied to 
the tympanic peifoiation to close the opening tempoianly, 
and an ail conduction test is made with the patch in place 
When the patch can be applied successfully and a complete 
seal occuis in all areas aiound the penpheiy of the perfora¬ 
tion, valuable information concerning the mtegnty and func¬ 
tion of the ossiculai chain may be obtained If closing the 
peifoiation with a papei patch mcieases healing appreciably, 
the ossiculai chain is piesumably intact 

8 Acoustic Piobe—In those cases when it is not possible 
to apply a patch successfully because of the size of the defect 
in the dium, the acoustic piobe is used to deteinnne the 
efficiency of the ossiculai chain In the piesence of choles¬ 
teatoma the acoustic piobe test lesults may not be leliable, 
because it is possible foi the cholesteatomatous mass to act as 
a conducting mechanism between the parts of a disrupted 
chain The lesults may indicate that the chain is intact and 
functioning, but an obvious defect m the chain may be ap¬ 
parent following lemoval of the cholesteatoma, especially m 
the aiea of the incus 

TECHNIQUE OF MYRINGOPLASTY 

Special Piohlems Associated with Tympanic Skin Giafting 
The successful take of the giaft while budging an an- 
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containing cavity (the middle eai), is an important pioblem 
m this type of skin giaftmg The bed foi this giaft lies 
pel lphei ally, foimed by denudi ng the tym panic lemnan t, the 
annulus, and often the adiacent ca nal wall, of squamous 
epithelium These skin giafts diffei fiom the usual skin 
giaft m that then cential portion, which oveilies the defect, 
_is not m dnect contact with any blood supply 

Most authonties agiee that the peimanent blood supply of 
a giaft occuis when endothelial vasculai buds glow fiom 
the bed blood vessels out into the giaft and make continuity 
with the giaft blood vessels between the fouith to tenth 
postopei ative day Paget 11 and Conway 12 feel that most skm 
giafts suivive the fast few days on a plasmic cuculation dif¬ 
fusing extia-cellulaily fiom the bed blood vessels up into the 
giaft We have pieviously leported oui belief that this type 
of circulation could nounsh only that portion of the giaft 
which lies duectly adjacent to the bed, and we believe that 
some pumitive type of mtiavasculai cuculation nounshes 
the cential portion of the graft soon aftei its application to 
the bed We believe that an mtiavasculai cuculation begins 
within 24 houis thiough the matching of the many seveied 
ends of the capillanes m the giaft with the numeious capil- 
laiy endings m the denuded vasculai bed Thus an early 
mtiavasculai cuculation occuis thiough the paiallel sub- 
epithelial vasculai netwoik into all portions of the giaft A 
tympanic skm giaft must be cut thick enough to include the 
netwoik of blood vessels lunmng paiallel to the skm suiface 

In geneial, theie aie two such netwoiks a superficial one 
lunmng just below the deimal papillae, and a deep one lying 
in the middle of the deimis These vasculai netwoiks have 
uch anastomoses A thin split thickness giaft may contain 
none of this paiallel blood supply, and the cential portion of 
the giaft would piobably slough The full thickness giaft 
and the thiee-fouiths thickness split giaft contain both the 
superficial and deep vasculai netwoiks and aie bettei suited 
foi tympanic skm giaftmg We piefei the thiee-fouiths 
thickness skm giaft, as it is not necessaiy to clean the fat 
fiom the undei surface of the giaft, and possible tiauma to 
the gi aft’s blood vessels is avoided 
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Onty gentle piessuie should be used m packing the giaft m 
place Piessuie of gieatei than 10 cm of watei may collapse 
the capillanes m the giaft and cause a slough of the cential 
poition of the giaft 

We have pieviously lepoited othei factois which we be¬ 
lieve aie important m successful tympanic skill giaftmg 

I Absenc e ofjnfection To guaid against latent infection, 
smgei 3 r should be postponed until the eai has been peifectly 
diy foi at least 30 days We lecommend pie- and postopeia- 
ti\e antibiotics, stenie suigical piepaiation, steule opeiatmg 
100 m technique and steule postopeiative caie in office diess- 
mgs A two-stage opeiation may be necessaiy, with the fust 
eiadicatmg the infection, and the second lepanmg the middle 
eai defect aftei the infection is completely conti oiled 

II Good Exposine of the Entue Tympanic Remnant and 
Annulus This is a vital factoi m the success of the piocedme 
done tlnough the tiansmeatal loute and can be an impoitant 
factoi in the comentional endauial appioach as well Occa¬ 
sionally the tiansmeatal pioceduie can be done tlnough the 
intact eai canal, but a modified endauial and antenoi U- 
sliaped incision is usually icquned, and enlaigement of the 
bony canal may be necessaiy 

The bed must be completely denuded of evei> vestige of 
squamous epithelium, and the giaft must be placed m close 
apposition to the bed with an adequate oveilap Binoculai 
magnified vision of all surfaces is lequned, and the antenoi 
sulcus foimed by the tympanic lemnant and the antenoi canal 
wall at tlie annulus is the most difficult to visualize piopeily 
In the tiansmeatal appioach, it should be lemembeied that 
the visibility is nevei so good as it appeals to be at the begin¬ 
ning of the opeiation 

III At)aumatic P) epa) ation of the Vascula) Bed and Hand¬ 
ling of the Shin Giaft The giaft and the bed should be pie- 
paied with only the shaipest mstiuments They should not be 
allowed to dry, and the giaft should not be washed m noimal 
saline oi othei so-called physiologic solutions, N\hich may be 
mjunous to the giaft Ciushmg of the giaft with scissois 
oi foiceps should be avoided 
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IV Regt afting If the pumaiy giaft fails because of 
slough, it is well to legiaft as soon as the failuie is discoveied 
The fust giaft invariably stimulates the vasculanty of the 
bed, and the second giaft is moie likely to succeed than the 
fust if lepeated within the fust thiee 01 foui months 

TECHNIQUE OF MYRINGOPLASTY 

Type I—Tympanoplasty Anesthesia is obtained by in¬ 

jection of 2 pel cent xylocame with 1 50,000 adienalm m 


1 

MODIFICATIONS OF TYMPANIC SKIN GRAFTING 


TYPE I 


Pathology Simple perforated tympanic membrano with intact oiiicular chain 
ftx Skin graft domra of the perforation will re*ult in eeienttaUy 

normal hearing 



Ura AC—Agt tfl Lor pa 6*0 mm. dry 
cerUril perforation present for 10 7*aif 
Patch and acouatic probe repealed an La- 
tacl oaaicular chain, Uaatotdx raya 
Dtfatlve 

Rx: Type 1 TympancpUaty 


Fie 1 

the postaunculai sulcus and mastoid aiea At the osteo- 
caitilagmous junction in the canal, and along the loof of the 
canal, 1 5000 adienalm is used in the xylocame foi hemo¬ 
stasis In some individuals supplementary geneial anesthesia 
in the foim of mtiavenous pentothal is advisable (see Fig 1) 

A modified endauial incision is made (see Fig 2) and the 
fust incision is earned along the loof of the canal to a point 
2 mm fiom the dium A second incision is then made acioss 
the postenoi wall of the canal paiallel, and 2 to 3 mm lateial 
to the annulus It extends as fai as the junction of the flooi 
of the canal with the postenoi wall A thud incision is then 
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Fig 2 


made fiom the mfenoi end of the second incision lateially to 
fhe osteo-caitilagmous junction The skin flap outlined on the 
postenoi canal wall by these incisions is then elevated latei¬ 
ally ^Aftei partial elevation of the penosteum ovei the mas¬ 
toid piocess, the postenoi canal flap is tucked between the 
Ovei lying soft tissue and the mastoid piocess, to be leplaced 
in the canal at the end of the opeiation A self-ietaimng 
letiactoi is inserted, leaving both hands fiee foi mstiumenta- 
tion _A U-shaped flap is now cut fiom the skin of the antenoi 
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canal wall (see Figs 3, 4) The lowei poition of the U extends 
acioss the canal paiallel to, and appioximately 3 mm lateial 
to the annulus The veitical poition of the U falls into the 
junction of the loof of the canal with the antenoi wall and the 
junction of the flooi with the antenoi wall lespectively The 
veitical incisions extend to the osteo-caitilaginous junction on 



rig- i 


the antenoi wall The antenoi flap is then elevated and l oiled 
up onto the skin of the antenoi caitilaginous level, to be ie- 
placed at the end of the opeiation The ovei hanging bone of 
the antenoi canal wall is thinned with a shaip mastoid cuiette 
until the antenoi sulcus can be well visualized 

The giaft bed is piepaied by lemoving the outcu layei of 
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squamous epithelium fiom the urn of the dium and adjacent 
canal wall with specially made tympanic membiane cuiettes 
Occasionally a shaip knife is used to turn the cuff fiom the 
mside of the perfoiation winch is foimed by the junction of 
the squamous epithelium with the mucous membiane fiom the 
undeisuiface of the dium Aftei denuding the fibious layei, 



Fig 4 


the peifoiation is measuied with a fenestiometer An ap- 
piopi lately sized thiee-fourths split thickness giaft is then 
cut with a “Week” lazoi blade fiom the non-han beaiing 
skin ovei the mastoid The giaft is placed law surface up on 
a tongue blade and cut to measuie with a scalpel, so that it 
oveilaps the perfoiation 2 to 4 mm in all dnections save 
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posteriory, wheie it oveilaps 4 to 6 nun The giaft is placed 
m position on the tympanic lemnant, and all_edgea.aie.eveited 
with shaip picks It is then pushed into contact with the 
chum and antenoi sulcus with a wne ling cuiette The 
giaft is then coveied with small stups of cigaiette papei, 
and one-sixteenth-inch cotton balls aie gently placed against 
the annulus and ovei the cential portion of the giaft The 
antenoi and postenoi skin flaps aie now loiled back into 
place, coveied with cigaiette papei stups, and the lemamder 


TYPE II A 


Pathology Perforated tympanic membrane with erosion of malleus 
Rx The graft is placed so that it contacts the incus 



Mr RJB 1ft Oriituaj «ar nnc« 

cbiitUiotMl Einrdxiiiioa r*v**itd a 

ctautl j-*rfor*tlxm with «roiw> 
of i±m KaxwII* of Lh eda1I»U4 
Rjc taitcUoo. cl«»r«d 'with locxl p« 
cllic antibiotic i Tymp*alc tVio 
yrxit ox«d to clot* perforation aeU 
pLscad La contact «Uh th Lncu* 


fib 6 


of the canal filled with antibiotic ointment impiegnated cotton 
balls The incision along the loof is protected by a stnp of 
suigical layon, and the small external incision is closed with 
silk Tlie donoi site is coveied with antibiotic ointment im¬ 
piegnated layon and a mastoid diessvng is applied 

The patient is maintained on an appiopnate antibiotic foi 
24 houis pieopeiatively, and seven days postopeiatively The 
packs aie lemoved on the seventh day, and the cigaiette 
papeis wiped out on the 14th day The mastoid diesswg is 
lemoved aftei 48 houis and a small diessing applied ovei the 
layon on the donoi site, which is usually healed m 10 days 
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MODIFICATIONS OF TYMPANIC SKIN GRAFTING 

The Type I technique has been descubed We have divided 
the Wullstem Type II into A and B classifications (see Fig 5) 

Type II-A Pathology—a perfoiated tympanic membiane 
with eiosion of the long piocess of the malleus and an othei- 
wTse intact ossiculai chain 



Mr BC—Age 25 Intermittent drainage 
from large central perforation and poor 
hearing all Ms life Patch test failed to 
raise air conduction, and demonstrated 
non-functioning ossicular rhain 
Rx: Erosion of long process of incus was 
found in surgery, and a Type n Tympano¬ 
plasty was done 


Fig- 6 


Technique—the giaft is placed so as to contact the long 
piocess of the Incus,, theieby transmitting- its- vibrations di- 
leetly to the mcudostapedial joint 

Type II-B (See Fig 6) Pathology—n eciosis of jtheJong 
piocess of the incus .is piesent with loss of the tiuejncudo- 
Hagedial joint Fi biou s adhe sions acioss the defect between 
theshorte ned incus a nd_ stapes head do notnct us a satis- 
factoiw immdostapedial joint m the tiansmission of sound 
impulses The accepted pioceduie in this situation has been to 
lemove the ossicles_m_cqnjunctionwyith a ladical mastoidec¬ 
tomy and do a Wullstem Type III tympanoplasty In the ab- 
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sence of cholesteatoma we have found that this type of pathol¬ 
ogy can often be handled by modification of YVullstein’s Type 
II tympanoplasty This technique has the following advan¬ 
tages 

1 It can often be done dnectly thiough the external audi- 
toiy canal as in mynngoplasty 01 Type I tympanoplasty If 
the status of the mastoid is unsuie, exploiation of the mastoid, 





\/Z- 


J. 




—, - M 

O AM Mrfpry. 

0 V- r —l-f J — * — -r ftfT 


Mi a a PB Classical Radical Mastoidectomy 

cavity with a 55 db loaa Stapes mobile 
Rx Tympanic graft uaed to bridge over 
middle ear and placed in contact with the 
a tapes 27 db gain 


I 


1 


ri t 7 


including the epitympanum may be clone, leaving the bony 
external auditoiy canal intact If the epitympanum is fiee of 
disease, it is often unnecessaiy to lemove the incus 

2 It msuies an adequate an space m the stapes aiea of the 
middle eai, allowing fiee mobility of the new tympanic mem- 
biane and stapes 

3 Impiovement of healing may be gieatei than the aveiage 
Type III tympanoplasty lesult 

4 It may avoid the inheient disadvantages of a ladical 
mastoid cavity, howevei, this technique may be applied when 
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a modified ladical mastoidectomy is necessaiy, if a small 
portion of the budge is left intact 

Technique—the denuded tympanic lemnant is laised fiom 
the annulai sulcus posteiioily, and the mcudostapedial joint 
aiea is exposed by wide lemoval of bone m the annulai aiea 
At this time the lound window aiea may be inspected and 
mobility of the stapes detei mined 

When the giaft is applied the denuded lemnant of the 
dium and giaft aie depiessed and packed lightly m place so as 
to contact the shortened long piocess of the incus, as well as 
the head of the stapes, thus the giaft budges fiom the 
annulus antenoily to the malleus, to the mcus and stapes, 
and back onto the postenoi wall of the canal 

Type III Pathology—Destiuction of the ossiculai cham 
is piesent, usually due to eiosion by cholesteatoma The 
stapes is intact and is mobile 01 may be mobilized Theie is 
loss of the postenoi and supenoi canal wall, because a ladical 
mastoidectomy is necessaiy 01 has been done pieviously The 
annulus has been pieseived and the Eustachian tube is 
functioning 

Technique—all pathological piocesses aie lemoved fiom the 
middle eai and mastoid The lound and oval windows, in¬ 
cluding stapes mobility, aie investigated A tympanic skin 
giaft is applied so that it budges fiom the tympanic lemnant 
01 annulus to the flooi of the attic and facial ndge The 
giaft is packed gently mto contact with the head of the stapes 
m 01 dei that vibiations aie transmitted dnectly to the stapes, 
affoidmg a columella effect, similai to the middle eai con¬ 
ductive mechanism in the bud’s eai 

Type IV Pathology—Destiuctive piocesses similai to Type 
III except that the ciuia of the stapes aie missing, the foot¬ 
plate is mobile, oi a mobile oval window membiane is piesent 

Technique—lound window piotection is achieved by bridg¬ 
ing the skin giaft fiom the annulus to the piomontoiy, leaving 
the oval window exposed to dnect vibiation of sound 

Type V Pathology—In addition to the pathological changes 
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found in Types III and IV, the oval window is nonfunctional 
because of meveisible fixation of the stapes, 01 fibiosis 

Technique— -afte i fenestiation_o£ -the—lateial—semiciicular 
-canal, the tympanic giaft is- appliecLtO-Jui dge acioss the 
middle ear space onto the flooi of the attic^covei mg-the 
fenes tia in the lateial semiciieulai canal 

SUMMARY 

1 The general pimciples and basic techniques of tympanic 
skin giaftmg have been descubed 

2 The modifications of this basic technique into the five 
types of tympanoplasty have been discussed 

3 Piehmmaiy pieopeiative pioceduies, including selection 
of patients foi tympanoplasty, have been descubed 


ANNUAL OTOLARYNGOLOGIC ASSEMBLY 
UNIVERSITY OF ILLINOIS 

The Umveisity of Illinois College of Medicine Department 
of Otolaiyngology announces its Annual Otolaiyngologic As¬ 
sembly fiom Septembei 29 thiough Octobei 5, 1958 The 
Assembly will consist of an intensive senes of lectuies and 
panels concerning advancements m otolaiyngology, and even¬ 
ing sessions devoted to suigical anatomy of the head and 
neck and histopathology of the eai, nose and tin oat Intel- 
ested physicians should wnte dnect to the Department of 
Otolaiyngology, 1853 West Polk Stieet, Chicago 12, Ill 



PRELIMINARY REPORT ON THE PATHOGENESIS OF 
DERMATOSES OF THE EXTERNAL 
AUDITORY CANAL 

Twenty Cases of Acute Diffuse External Otitis, 

Due to Deep Infections *f 

Edley H Jones, M D , 

Vicksbuig, Miss, 
and 

Tom D Norman, M D , (By Invitation), 

Jackson, Miss 


External otitis has always been a subject of particulai m- 
teiest to otologists, and moie lecently, to dermatologists 
Dunng lecent yeais many excellent investigative studies 
have been leported, yet only a casual survey quickly reveals 
that more are indicated and needed 

As pievious mvestigatois have pomted out, the terra “ex¬ 
ternal otitis” embraces a variety of diseases that have little 
m common othei than that they occur m the external eai 
Since the external eai, auricle and canal, is entirely covered 
by skm, these diseases must basically be designated deima- 
toses It is natuial that otologists are primarily interested 
m the acute infections of the canal, and that dermatologists 
aie primarily interested m other dermatoses of the auricle 
Geographical location and climate, more specifically, tempeia- 
tuie, humidity, and exposure, are important factois Our 
Southern otologists annually see many cases of acute diffuse 
external otitis and furnuculosis with a shaip nse m the case 
load shortly aftei the opening of the swimming season, and 

♦Read at the meeting of the Southern Section of the American Lar j n- 
grological Rhinological and Otolosical Societ> Inc. Memphis Tenn Jan 24 
1^5S 

tFrom the Di\ ision of Otolarj ngology Department of Surfer} and the 
Department of Pathology Uni\ersity of Mississippi Medical Center Jack- 
son Miss 

Editor’s Xote This manuscript received in The Larj ngoscope Office and 
accepted for publication Jan 27 1958 
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this e\pei ience is leflected m then studies and lepoits, oui 
Northern colleagues m dnei, coolei climates see fewei of 
these cases, and aie moie concerned with the othei deima- 
toses 

Reviews and discussions of the subject aie hampeied by 
the lack of a simple classification that is definite, cleaily 
undei stood and geneially accepted Sentuna 1 published a 
detailed classification m his book, “Diseases of the External 
Eai,” yet his mtioduction of it indicated he was not entnely 
satisfied with it, and it could haidly be called simple 

Foi the puipose of this piesentation we will employ the 
following etiological classification 

Acute Diffuse External Otitis 

I Deimatoses due to infection 

A Supeificial —1 Bactenal, 2 Vnal, 3 Fungal 
B Deep —1 Bactenal, 2 Vnal, 3 Fungal 

II Othei deimatoses 

Oui piesentation will be confined to those cases due to deep 
bactenal infections We considei fuiunculosis a piogiessive 
development and accompaniment of acute diffuse external 
otitis, due to fuiuncle-foiming bactena These cases aie the 
lesult of Giam-positive bactenal infections, Giam-negative 
infections aie usually superficial 

Oui intei est m this phase of this subject was aioused by 
Sophian and Sentuna’s 4 detailed lepoit of five biopsies of 
acute diffuse external otitis They commented on finding 
dilatation of the capillaiy and aitenolai vessels, endothelial 
swelling, hypeiplasia and sometimes thiombosis and neciosis, 
noting that these vasculai leactions aie usually associated 
with toxic oi alleigic leactions latliei than with pyogenic in¬ 
fections Furthei they noted a high eosinophilia (aveiage 24 
pei cent) m the mflammatoiy exudate in the tissues While 
they pointed out that then findings did not necessauly in¬ 
dicate that the mflammatoiy piocess was alleigic, they lecog- 
nized that “ceitam clinical and pathological aspects—weie 
compatible with a state of sensitization " 
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One of us has studied alleigy foi the past 80 yeais and is 
keenly awaie of the impoitance of alleigy in otolaryngology, 
but could not accept such findings as typical of acute diffuse 
external otitis Although the usual data weie piesented they 
did not include any histoiy 01 indication as to whethei those 
patients had an alleigic backgiound, whethei they had been 
given previous local tieatment that could have caused a com¬ 
plicating contact deimatitis, noi did they include any bac- 
tenologic, cytologic 01 hematologic studies 

Oui seaich of the liteiatuie at that time failed to leveal 
any othei leport of biopsies of cases of acute diffuse external 
otitis Latei Shelly and Peiry 2 published an intei estmg in¬ 
vestigative study on the expenmental pioduction of external 
otitis, leportmg ovei 70 biopsies Obviously, we cannot use 
them foi dnect companson with oui mateiial 

In 1956 we studied biopsies and white blood counts of tluee 
cases of acute diffuse external otitis, one complicated with 
fui uncle formation (pieviously buefly leported 1 but included 
m this study) These findings weie quite diffeient fiom 
those leported by Soplnan and Sentuna/ and piompted us 
to continue oui studies m tins field 

MATERIALS AND METHODS 

To date we have studied biopsies of 27 cases We do not 
have complete data on all of these but can fully leport 20 
cases, 12 of which weie complicated with fuiunculosis One 
patient was seen m the Univeisity Out-Patient Clinic, but the 
othei 19 weie pnvate cases Insofai as possible they weie 
taken consecutively, as they piesented themselves, excepting 
only young childien, unusually apprehensive patients, and 
those who came in at the veiy end of the office houis The 
biopsies weie taken with the patients’ knowledge and permis¬ 
sion Appioximately 0 5 ml of 2 pei cent xylocame with 
1 50,000 epmephime was slowly injected 3 to 5 mm antenoi- 
ly to the chosen site, after five minutes an elliptical V-shaped 
section, 2 oi 3 mm wide, and 4 to 6 mm long and extending 
down to the cartilage, was lemoved The specimen was fixed 
in 10 pei cent foi malm, sections 5 micron thick weie made, 
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this expenence is leflected in then studies and lepoits, oui 
Noithein colleagues in diiei, coolei climates see fewei of 
these cases, and aie moie concerned with the othei deima- 
toses 

Reviews and discussions of the subject aie hampeied by 
the lack of a simple classification that is definite, cleaily 
undei stood and geneially accepted Sentuna 3 published a 
detailed classification m his book, “Diseases of the External 
Eai,” yet his intioduction of it indicated he was not entnely 
satisfied with it, and it could haidly be called simple 

Foi the puipose of this piesentation we will employ the 
following etiological classification 

Acute Diffuse External Otitis 

I Deimatoses due to infection 

A Supeificial —1 Bactenal, 2 Vnal, 3 Fungal 
B Deep —1 Bactenal, 2 Vual, 3 Fungal 

II Othei deimatoses 

Oui piesentation will be confined to those cases due to deep 
bactenal infections We considei fuiunculosis a piogiessive 
development and accompaniment of acute diffuse external 
otitis, due to fuiuncle-foiming bactena These cases aie the 
lesult of Giam-positive bactenal infections, Giam-negative 
infections aie usually supeificial 

Oui inteiest in this phase of this subject was aioused by 
Sophian and Sentuna’s' detailed lepoit of five biopsies of 
acute diffuse external otitis They commented on finding 
dilatation of the capillaiy and artenolai vessels, endothelial 
swelling, hypeiplasia and sometimes thiombosis and neciosis, 
noting that these vasculai leactions aie usually associated 
with toxic oi alleigic leactions lathei than with pyogenic in¬ 
fections Furthei they noted a high eosinophiha (aveiage 24 
pei cent) m the mflammatoiy exudate in the tissues While 
they pointed out that then findings did not necessanly in¬ 
dicate that the mflammatoiy piocess was alleigic, they lecog- 
nized that “ceitain clinical and pathological aspects weie 
compatible with a state of sensitization ” 
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One of us has studied alleigy foi the past 30 yeais and is 
keenly awaie of the importance of alleigy m otolaryngology, 
but could not accept such findings as typical of acute diffuse 
external otitis Although the usual data weie presented they 
did not include any history 01 indication as to whethei those 
patients had an alleigic backgiound, whethei they had been 
given pievious local tieatment that could have caused a com¬ 
plicating contact deimatitis, noi did they include any bac- 
tenologic, cytologic 01 hematologic studies 

Oui seaich of the liteiatuie at that time failed to leveal 
any othei leport of biopsies of cases of acute diffuse external 
otitis Latei Shelly and Peny 2 published an intei estmg in¬ 
vestigative study on the expeiimental pioduction of external 
otitis, lepoitmg ovei 70 biopsies Obviously, we cannot use 
them foi dnect companson with oua niatenal 

In 1956 we studied biopsies and white blood counts of thiee 
cases of acute diffuse external otitis, one complicated with 
fui uncle formation (pieviously buefly leported 1 but included 
m this study) These findings weie quite diffeient fiom 
those lepoited by Soplnan and Sentuna, 4 and piompted us 
to continue oui studies m tins field 

MATERIALS AND METHODS 

To date we have studied biopsies of 27 cases We do not 
have complete data on all of these but can fully leport 20 
cases, 12 of which weie complicated with fuiunculosis One 
patient was seen m the Univeisity Out-Patient Clinic, but the 
othei 19 weie pnvate cases Insofai as possible they weie 
taken consecutively, as they piesented themselves, excepting 
only young childien, unusually apprehensive patients, and 
those who came m at the very end of the office houis The 
biopsies weie taken with the patients’ knowledge and peimis¬ 
sion Appi oximately 0 5 ml of 2 pel cent xylocame with 
1 50,000 epmephime was slowly injected 3 to 5 mm antenoi- 
ly to the chosen site, aftei five mmutes an elliptical V-shaped 
section, 2 or 3 mm wide, and 4 to 6 mm long and extending 
down to the cartilage, was removed The specimen was fixed 
in 10 per cent foimalm, sections 5 micron thick weie made, 
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some semisenally Slides of all cases weie loutmely stained 
with, hematoxylin and eosm, but slides fiom six biopsies also 
weie stained by Giemsa’s technique and MacCallum’s modifi¬ 
cation of Goodpastuie’s Glam’s stain A total and diffei- 
ential white blood count was loutmely made on each patient 

A statistical analysis of these cases leveals then ages lan 
fiom 12 to 67, youngei patients weie puiposely not included 
Only 25 pei cent weie m the coloied lace, winch confirms 
pievious observations by other otologists The incidence m 
sexes was identical, but it is inteiestmg to note that the seven 
cases following swimming weie all males, five m then 'teens, 


CHART 2 
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Race 

Sex 

11 

21 

31 

41 

51 

61 
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W 
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F 

20 
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40 

50 
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70 

Incidence of Cases „20 
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15 

5 
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1 

1 

Sn i mining_7 

Histoi> of Pruritus or 
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Previous Involvement S 
History of Trauma 

6 

2 

1 

7 


3 

1 
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1 

Picking Ear _ 2 

o 


1 

1 


1 



1 


Furuncle Noted _12 

8 

4 

0 

7 

5 

4 

1 

1 


1 


while seven of the eight who gave a history of pievious in¬ 
volvement weie females Fuiuncle foimation was noted at 
the time of fust examination in 12 of the 20 cases, eight of 
the 15 whites, and foui of the coloied Oddly enough, a 
history of tiauma was obtained in only two cases, both white 
adults, one male and one female Almost one-half weie 
patients m then thud decade, but theie was at least one m 
each of the second, fourth, fifth, sixth and seventh decades 
Patients weie seen m every season and almost eveiy month, 
with moie than one-half m July and August 

PATHOLOGIC STUDIES OF BIOPSIES 
Histologic Chai actei istics of the Inflammatory Reaction 

The degree of the inflammatory reaction, as deteimined by 
the numbei of inflammatory cells and the basic alterations of 




844 


JONES & NORMAN EXTERNAL AUDITORY CANAL 


the tissues, vaned with diffeient patients, but foi the most 
part was modelately seveie (see Fig 1) Although lound 
cells (mostly lymphocytes) weie predominant in thiee pa¬ 
tients, the usual situation was a gieat piepondeiance of poly- 
moiphonucleai leukocytes (see Fig 2) These cells usually 
mfiltiated most aieas of the biopsy specimens diffusely, but 



Fig 1 (E-56-67) Aloderately severe inflammatory reaction in connective 

tissue under epidermis and around hair follicles and sebaceous glands 
Onlj a few inflammatory cells are seen in the epithelium and there is 
moderate parakeratosis Hematoxylin and eosin stain X-60 


m some locations they weie moie concentiated, occasionally 
aiound skm appendages There was no penvasculai collec¬ 
tion of the mflammatoiy cells 

Eosinophils weie scaice m most of the tissue sections, but 
m two patients these cells weie significantly incieased When 
piesent, the eosinophils weie found thioughout the inflam¬ 
matory leaetions 

Focal tissue destiuction m the deimis, with infiltiation of 
solid sheets of neutiophilic leukocytes, was present in seveial 
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patients (see Fig 3) These furuncles weie lelatively small 
and weie suuounded by inflammatory cells of the type seen 
m othei aieas of the tissue in that patient A few eosinophils 
weie piesent m the exudate within the fuiuncles m biopsy 
matenal m which those cells weie piesent elsewheie 

Giam-positive bactena in clumps (see Fig 4), moipho- 
logically similai to staphylococci, weie found deep in the tis¬ 



sue fiom two patients Similai bactena weie piesent m 
detached keiatm and cellulai debus m one of these biopsies 
and two othei s 

Infiltiation of the epideimis was limited to neutiophihc 
leukocytes and an occasional eosinophil, noted m areas of 
spongiosis and vesiculation (see Fig 5), oi lately within han 
follicles (see Fig 6), giving the appearance of micioabseesses 
within the epideimis, these cells also weie noted in the most 
superficial keratin layei and m fiagments of keiatm debus 
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The matenal fiom one patient was chaiacterized by the 
piesence of many laige multmucleated giant cells of the type 
commonly seen with foieign bodies Many cells of vaned 
type were seen aiound these giant cells 

Epidermis 

In most of the sections theie was a slight thickening of the 
epideimis, with some hypeikeiatosis, paiakeiatosis, and slight 



Fig 3 (E-57-111) Purulent exudate present In a furuncle Hematoxylin 

and eosln stain X-230 


hypeiplasia of the basal layei Elongation of the lete pegs 
of a mild degiee was commonly present Spongiosis (edema) 
of the epideimis was fiequent, being absent completely m 
only thiee patients Vesiculation of vaiymg degiee was often 
piesent and, as expected, appealed to be a piogiession fiom 
the seveie stage of spongiosis (see Fig 5) As noted pievi- 
ously, neutiophils and a few eosinophils weie m these aieas 
Micioabscesses (see Fig 6), appealing to lesult fiom intia- 
folliculai inflammation and quite diffeient fiom the vesicula- 
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tion, weie seen laiely Degeneiation of the epideimis and 
neutiophilic mfiltiation weie piesent ovei the fuiuncles 
Folliculai hypeikeiatosis was piesent to some extent in all 
of the tissue except that fiom one patient 

Skin Appendages 

In geneial the hail follicles shaied the changes of the epi¬ 
deimis, though to a lessei degiee Spongiosis and vesiculation 



Fig -i (E-56-185) Small clump of gram-posltix e cocci (upper center) 
deep in skin of ear Gram s stain X-450 


weie piomment m raatenal fiom some patients and the in¬ 
flammatory exudate of the deimis was occasionally concen- 
tiated about the hail follicles Neutiophils, and laiely eosino¬ 
phils, weie piesent m the aieas of spongiosis and vesiculation 
Micioabscesses within follicles have been descubed above 

The apocune (ceiummous-pioducmg) glands vaned m the 
height of then epithelium, consistent with known vanation 
due to seeietory activity In the vicinity of the most seveie 
mflammatoiy leactions the glandulai epithelium was distoit- 
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The matenal fiom one patient was chaiactenzed by the 
piesence of many laige multmucleated giant cells of the type 
commonly seen with foieign bodies Many cells of vaned 
type weie seen aiound these giant cells 

Epidermis 

In most of the sections theie was a slight thickening of the 
epideinns, with some hypeikeiatosis, paiakeiatosis, and slight 



FIff 3 (E-57-111) Purulent exudate present In a furuncle Hematoxylin 

and eosln stain X-230 


hypeiplasia of the basal layei Elongation of the lete pegs 
of a mild degiee was commonly piesent Spongiosis (edema) 
of the epideinns was fiequent, being absent completely in 
only thiee patients Vesiculation of vaiymg degiee was often 
piesent and, as expected, appealed to be a piogiession fiom 
the seveie stage of spongiosis (see Fig 5) As noted pievi- 
ously, neutiophils and a feu eosinophils weie in these aieas 
Micioabscesses (see Fig 6), appealing to lesult fiom intia- 
folhculai inflammation and quite diffeient fiom the vesicula- 
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tion, weie seen laiely Degeneiation of the epideimis and 
neutioplnlic mfiltiation weie piesent ovei the fuiuncles 
Folliculai hypeikeiatosis was piesent to some extent m all 
of the tissue except that fiom one patient 

Shin Appendages 

In geneial the hail follicles shaied the changes of the epi¬ 
deimis, though to a lessei degiee Spongiosis and vesiculation 



Fig - 4 (E-56-1S5) Small clump of grani-posIti\e cocci (upper center) 

deep In skin of ear Gram a stain X-450 


weie piomment m matenal fiom some patients and the in¬ 
flammatory exudate of the deinns was occasionally concen¬ 
trated about the hail follicles Neutioplnls, and laiely eosino¬ 
phils, weie piesent m the aieas of spongiosis and vesiculation 
Micioabscesses within follicles have been descubed above 

The apocnne (ceiummous-pioducmg) glands vaned m the 
height of then epithelium, consistent with known vanation 
due to secietoiy activity In the vicinity of the most seveie 
mflammatoiy leactions the glandulai epithelium was distoit- 
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ed, and inflammatory cells, usually only a small numbei, 
weie piesent within the epithelium and the lumens The 
glands weie badly damaged 01 destioyed occasionally in the 
vicinity of the most seveie inflammation (see Fig 7) Dilata¬ 
tion of the ducts eithei was not present 01 was slight 

Inflammatoiy cells m and aiound the sebaceous glands 
weie spaise Retention of sebum was piesent to a slight de- 
giee m some glands 



Pis 5 (E-57-136) Pol} morphonuclear leukoc} tea in arena oC sponsioals 

and vesiculatlon Hematoxylin and eosln stain X-230 


Dei mis 

The geneial inflammatoiy leaction in the deimis has been 
descubed above This was accompanied by some degiee of 
edema in most of the matenal, most piomment in the uppei 
deimis Biown pigment which gave a negative leaction to 
the non stain was present in matenal fiom two patients 

Dilatation of blood vessels was noted, especially in the 
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uppei deinns Endothelial swelling was piomment, varying 
m seventy with the amount of inflammation piesent In 
some vessels the lumen was nail owed by the swollen endothe¬ 
lial cells No vasculai thiombi weie noted, neciosis of blood 
vessels was also absent 

HEMATOLOGIC CORRELATION 

A scatteigiam plotting the total wlute counts of the pe- 
npheial blood against the peicentage of neutiophils in the 



6 (E-57-136) Leukocytic Infiltration of polymorphonuclear type 

In hair follicle Hematoxylin and eosln stain X-230 


tissues leveals a fanly consistent finding of moie than 50 pel 
cent segmented cells m the tissues when the total count was 
ovei 10,000 A second scatteigiam plotting the peicentage of 
eosinophils in the penpheial blood against the peicentage 
of eosinophils seen m the tissues failed to leveal any coi- 
lelation, compaiativelv few eosinophils weie noted m the 
tissues, legaldless of the peicentage found m the penpheial 
blood 
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DISCUSSION 

The mflammatoiy leaction piesent m these patients dif- 
feied fiom that descubed by Sophian and Sentuna* in that 
theie was significant tissue eosmophiha in only two speci¬ 
mens Fui uncle foimation, conspicuous in oui matenal, was 
not descubed in then studies Sophian and Sentuna also 
descubed vasculai neciosis and thiombosis, neithei of these 



changes was piesent in oui mateuul With the e\ception of 
tissue eosmophiha in two cases theie was nothing in the his¬ 
tologic featuies of the mflammatoiy ptocesses studied by us 
to suggest a lypei sensitivity mechanism On the contiaiy, 
the featuies in geneial aie those one would expect to find 
m an infectious piocess, with localisation and fui uncle foima¬ 
tion m specimens fiom some patients It is possible that in 
the two patients in whom theie was tissue eosmophiha the 
basic changes weie pioduced by hypeisensitivity, with a coni- 
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plieating infectious piocess One of these patients had a 
definite fui uncle 

Shelley and Perry,- m an expel imental study of the effect 
of vanous matenals on the human external eai, descubed 
spongiosis and vesiculation of follicles as chaiacteiistic of a 
low grade contact dermatitis, pioduced by a 1 100 acetone 
solution of 3-n-Penta Decyl-catechol, howevei, they also noted 


£ 5 rm nreiTtK cent 

SEGtlENTEV CELLS 
IN TISSUES 




Jfas/tfofnats iti 

r<HiT£3ico) counts 



a similai change m the skm of eais tieated with an nntant, 
2 to 4 pei cent formalin The folliculai alterations described 
m those experiments weie similai to the spongiosis and vesi- 
eulation piesent in the follicles of oui material, m our studies, 
however, these changes weie even moie pionounced m the 
epideimis piopei In view of the fact that spongiosis and 
vesiculation weie pioduced by entnely different chemicals 
m then studies, and aie piesent m a vanety of skm diseases, 
it seems unlikely that these folliculai oi epideimal changes 
aie a specific chaiacteiistic of alleigic disease of the external 
eai 
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The one biopsy specimen of the piesent study in which a 
giant cell leaction was piesent is of inteiest It seems likely 
that they lesulted fiom damage to sebaceous glands with loss 
of sebum into the tissue Although no foieign matenal could 
be demonstiated, it is possible that an unknown matenal had 
been intioduced into the tissues of the eai 

Humidity, tempeiatuie and swimming aie cunently con- 
sideied important factois in the pioduction of this type of 
external otitis, and these studies may add some support to 
this opinion The lelative humidity is lathei high in this 
aiea throughout the yeai and does not vary gieatly, while 
theie is no dnect relationship between high humidity and 
incidence of cases, the constant high humidity may explain 
the incidence of cases duiing the Wmtei months Apparently 
higher temper atm es m Summer had no influence othei than 
to encouiage swimming but, again, the aveiage tempeiatuie 
in this aiea is comparatively high The incidence following 
swimming is obvious 

The occunence of fuiunculosis throughout the yeai adds 
suppoit to oui opinion that fuiunculosis is a stage m the in¬ 
flammatory piocess of acute diffuse external otitis due to 01 
complicated with infection by fuiuncle-foinnng bacteria 

CONCLUSION 

We have presented detailed studies of the pathologic find¬ 
ings m 20 cases of acute diffuse external otitis due to infec¬ 
tion, 12 of which weie clinically complicated with fuiunculosis, 
and have con elated them with total and differential white 
blood counts 

These studies have been interesting to us, but we do not 
considei them final in any sense The obvious differences 
between oui findings and those of Sophian and Sentuna, 4 
and the known influence of tempeiatuie, humidity and ex¬ 
posure, adds suppoit to the theoiy that the clinical pictuie of 
this type of acute diffuse external otitis may be vaiied in 
different geogiaplncal aieas and climates We feel that 
studies fiom othei aieas aie indicated, and hope that othei 
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otologists and pathologists will join us in continuing these 
investigations 

Oui appieciation is extended to Mi John Dickson, Chief, 
Department of Medical Illustiation, Univeisity of Mississippi 
Medical Centei, foi the miciophotogiaphs used in this papei 
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The next postgiaduate couise in Laiyngology and Bioncho- 
esophagology to be given by the Univeisity of Illinois College 
of Medicine is scheduled foi the peiiod Octobei 27 thiough 
Novembei 8, 1958, undei the dnection of Di Paul H Hohngci 

Intel ested legistiants please wnte to Depaitment of Oto- 
laiyngology, Univeisity of Illinois College of Medicine, 1853 
West Polk Stieet, Chicago 12, Illinois 



PATHOLOGY OF THREE HUNDRED CLINICALLY 
BENIGN LESIONS OF THE VOCAL CORDS * 

G S Fitz-Hugh, M D ,j 
David E Smith, MD 4 (By Invitation), 
and 

A T Chiong, MD,t (By Invitation), 
Chailottesville, Va 

The suivey of this gioup of patients was piompted by 
Salmgei’s piovocative article, published in The Laryngo¬ 
scope m 1956, pertaining mainly to the nomenclatuie of be¬ 
nign tumois of the laiynx Fiom the matenal accumulated, 
and the information available in the ai tides mentioned m 
the bibliogiaphy, 23 9 we have made an attempt to claufy oui 
thinking m legald to the classification of abnoimal but be¬ 
nign changes m the tissues of the vocal coids As will be 
seen, it is evident that the lesults of the suivey will be of 
benefit to us, and peihaps may be of intei est to otheis 

We decided to study 300 consecutive cases (May, 1949, 
thiough May, 1957, an eight-yeai peiiod), in winch matenal 
was lemoved fiom the vocal cold foi theiapeutic and diag¬ 
nostic reasons The laryngoscopies and excisions of tissue 
weie perfoimed by membeis of the Department of Otolaryn¬ 
gology, of the Umveisity of Vngima Hospital, except m two 
instances (tissue lefened by otolaryngologists in neighbonng 
cities) , and all the matenal was exannned by the membeis 
of the Department of Pathology of tins institution A numbei 
of individuals participated m the above pioceduies, and this 
is one of the leasons foi the confusion that was appaient m 
the piesentation of the matenal to the pathologists and m 
the leportmg of the lesults of then examinations 

As will be noted, the survey was initiated by fust leview- 

*Read at the meeting- of the Southern Section American Laryngologlcal 
Rhinologlcal and Otologlcal Society Inc ATemphis Tenm Jan 24 195S 

From the Department of Otolaryngology! and the Department of Fathol- 
ogv* University of Virginia Hospital 

Editors Vote This manuscript receded in The Laryngoscope Office and 
accepted for publication Jan 27 1958 
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mg the vanous intei pi etations of the tissues, as lepoited by 
the fust pathologists , who weie the ones designated to be 
the exammeis of all the loutme specimens received by the 
Department of Pathology at that paiticulai time Conse¬ 
quently, the matenal was analyzed by many diffeient patholo¬ 
gists of vaiymg giades of expenence m studymg laryngeal 
stiuctuies It was shown, also, that this group seldom le- 
ceived an adequate clinical descuption of the section to be 
examined In the majonty of cases the pathologist was 
awaie only that the specimen was taken fiom the vocal coid 


TABLE I—CLINICAL DIAGNOSIS 


1 Undiagnosed (Tissue from Vocal Cord) _„ _ _ 97 

2 Polyp__ — __ _ _ ..57 

3 Papilloma __ _ _ _ _ _ _26 

4 R 0 Carcinoma _ _ __ _25 

5 Granuloma _ _ _ _ _ ___ 24 

6 Juvenile Papilloma _ _ __ __12 

7 Vocal Cord Nodule_ _ _ _ _ ___ ..._11 

8 Leukoplakia_ __ _ .. __10 

9 Cjst „ .. _ _ _ „ __ .. .. 8 

10 Laryngitis (Inflammation) _ _ „ 7 

11 Singers’ Nodule _ _ _ 5 

12 Hyperkeratosis ___ __4 

13 Hemangioma _ _ __ 4 

14 Benign Lesion .. _ _ _ 4 

15 Keratosis _ _ „ 2 

16 Mucosa _ _ _ _ _ ___2 

17 Ulcer (Inflammation) ~ .. — 1 

IS Fibroma _ _1 


This inadequacy is demonstiated in the details of the fust 
Table, entitled, “Clinical Diagnosis ” The foim accompany¬ 
ing the section was usually completed by an assistant jumoi 
lesident, the accuiate lecoid of the senioi staff physician 
not being available This was mainly tiue m legald to the 
eailiei patients m the gioup, the defection having been col¬ 
lected latei 

Refeiung again to Table I, “Clinical Diagnosis," one will 
notice a laige numbei m the undiagnosed category The tis¬ 
sue was sent to the pathologist with very meagei details 
concerning the histoiy, plus the notation only that it was fiom 
a vocal coid Further examination of this chait shows other 
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evidences of lack of detail and caie in stating the pieopeiative 
clinical diagnosis 

Next, lefeience is dnected to Table II, entitled, “Initial 
Pathological Diagnosis ° One is mipiessed immediately by 
the numeious diagnoses made, and also by the similanty and 
mmoi vanations m many of them These diffeiences may be 


TABLE II—INITIAL PATHOLOGICAL DIAGNOSIS 


1 

2 

3 

4 

5 

6 
7 
S 
9 

10 

11 

12 

13 

14 

15 

16 
17 
IS 

19 

20 
21 
22 

23 

24 

25 

26 
27 
2S 
29 


Papilloma_ -- --- - —-12 

Singers Nodule--3b 

Laryngitis (Inflammation)_ 17 

Squamous Hvperplasia - 13 

Juvenile Papilloma _________ _ _ „ -----11 

Granulation Tissue_____~_10 

Inflammation with Hyperplasia- 10 

Hemangioma__ ____-- S 

Hyperkeratosis with Inflammation _- _—____ 5 

Ha perkeratosis _ „ _ __ ____ 4 

Inflammation with Metaplasia_—---— 4 

D\ skentosis with Metaplasia_- --- - 3 

Hyperplasia with Metaplasia ___ 3 


Leukoplakia___ 

Dyskeratosis —____ _ 

Hyperkeratosis with Hyperplasia . . 

Fibrosis with Myxomatous Degeneration 

Pachydermia __ 

Mjofibioma „ - ___ 


No Pathological Change _ ____2 

Inflammation with Mvxomatous Degeneration_ „ 1 

Hvahnization with Myomatous Degeneration _ __1 

Hyperkeratosis with Myxomatous Degeneration__ 1 

Hyperkeratosis with Cyst__1 

Hemorrhage in Muscle Fibers __ ____ „ _____ 1 


attiibuted in paid to the lack of close contact between the 
laryngologist and the pathologist, m addition to the fact that 
the pathologist’s mteiest was moie geneial than specific as 
fai as abnoimal laryngeal tissues weie concerned 

The same sections piesented in Table II weie le-exammed 
by a pathologist (DS ), who was specially inteiested m the 
subject of abnonnal laryngeal tissue and its pioblem of 
nomenclatuie An attempt was made to le-analyze the entne 
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TABLE III—REVISED PATHOLOGICAL DIAGNOSIS 


1 Laiyngeal Nodules „ _ _ 134 

Unqualified M 128 

Qualified 

With Hemosiderosis 2 

With Hypei keratosis ^ _2 

With Granulomatous Features 1 

With Inflammation „ ...... „ 1 

2 Inflammation _ ..34 

Unqualified _ _ 10 

Qualified 

With Granulation Tissue ~ 13 

With Hypei keratosis .. ^ „ S 

With Ulceiation _ 2 

With Ulceiation and Granulation Tissue „ 1 


(No cases of Specific Inflammation such as Tuberculosis, 
Blastomycosis, Syphilis, etc, included) 


3 Squamous Papillomas 

Unqualified 

Qualified 

With Dyskeiatosis 
(Includes Juvenile Papillomas) 

4 Lai\ngeal Polyps 

Unqualified 

Qualified 

With Hypei kei atosis 
With Dyskeratosis 
Fibious (Papillomas) 

Fibious with Hypei keratosis 

r > Epithelial Changes 
Unqualified 
Qualified 

Hy pei kei atosis _ 

Dyskeratosis 
Carcinoma in Situ 
Epidermoid Caiclnomu 
Hyperplasia 

G Cysts 

Unqualified 

Qualified 

Columnai 

Mucous 

Squamous 

7 P\ ogenic Granuloma 

Unqualified — 

5 Miscellaneous 

Missing Specimens 
Inadequate Specimens 
\orm il Mucosa 
Hemangioma 

Shin (error) - - , , 

Nodular L>mplioid InfUtiation (f wnphosarconmJ 
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gioup of 300 sections Fifteen specimens could not be located 
and were classified as missing in the miscellaneous categoiy 

The intei pi etations of this pathologist, woikmg intimately 
with the laiyngologists, offeied an intei estmg study of the 
two gioups, as lecoided in Tables II and III These studies 
have lesulted m a simplei leanangement 01 classification of 
abnoimal benign laryngeal lesions, which, we aie hopeful, 
will be of value to oui local laiyngologists and pathologists 
m the futuie, peihaps also, benefit, as fai as piognosis and 
tieatment aie concerned, may be foithcommg as a lesult of 
this airangement 

One may have noticed that m the collection of cases m this 
suivey, no malignant neoplasms noi specific inflammatory 


TABLE rv— COMPARISON COMMONER LESIONS 


Diagnosis 

Original 

Path. Diag 
Number 

Revised 
Path. Diag 
Number 

1 

Polyps _ _ _ _ 

SI 

27 

2 

Papillomata (Adult and Juvenile) 

_53 

2S 

3 

Singers Nodules (Laryngeal) 

_36 

134 

4 

Granulomata .__....___ 

_23 


5 

Inflammations (Laryngitis)__ 

_ „14 

34 


piocesses of the mucous membianes aie included Mam 
caicmomas and a few cases of specific mflammatoiy lesions 
of the coids, such as tubeiculosis and blastomycosis, weie 
encounteied dm mg the yeais of the suivey, but were elimi¬ 
nated, as oui pnmaiy mteiest was in benign lesions with 
little specificity It was noted that appaiently caicmoma 
of vocal coids was compaiatively easy to diagnose, as when 
this diagnosis was made clinically, pnoi to histological ex¬ 
amination, it was usually collect In turn, when doubt w r as 
exhibited by the lequest, “Rule out caicmoma,” sent to the 
pathologist with the tissue, caicmoma was geneially not 
piesent 

As will be seen latei, the pathologists had little difficulty 
m deciding upon the diagnosis of caicmoma, foi in the ap¬ 
proximately 300 examinations, only one fanly definite enor 
m diagnosis was disclosed One specimen was called benign. 
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but on second examination was thought to be unquestionably 
an epideimoid caicinoma 

Some comments will now be made with legai d to the 
vanous categones used m the classification Space does not 
peimit a detailed study of all, only the commonei gioups 
will be consideied 


Benign Lesions True Vocal Cords 
Sex Incidence 
300 Patients 


MALE 

FEMALE 



(68 3 %) 


LARYNGEAL NODULES (VOCAL NODULE, SINGERS’ NODE, CHORDITIS 
NODOSA, SCREAMERS’ NODE, FIBROUS NODULE, CHORDITIS 
TUBEROSA, TEACHERS’ NODE, ETC 

In the initial pathologic diagnosis (Table II), 36 patients 
weie consideied to have smgeis’ oi laiyngeal nodules When 
the same gioup of cases weie le-exammed by the second 
pathologist and laryngologist, the numbei in this categoiy 
was mcieased to 134 patients, as will be noted m Table III 
This is not paiticulaily suipusmg, as theie is much confusion 
m the nomenclatuie and histological intei pi etation of tissue 
fiom the vocal colds which may be classified as laiyngeal 
nodules oi laiyngeal polyps Foi instance, Stewart 1 does not 
mention laryngeal nodules in his 104 cases of benign tumois 
of the laiynx, but does have 61 cases of “Inflammatoiy 
Polypus ” Epstein- and his associates diagnosed 283 cases of 
laiyngeal polyps in a gioup of 366 benign tumois, believing 
polyps, nodules, and polypoidal degeneiations to be histolog- 
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ically identical non-neoplastic swellings of the membianous 
vocal coids Sahngei, 1 on the othei hand, found that his 
pathologists diagnosed no polyps and only thiee vocal nodules 
in a senes of 232 consecutive laiyngeal biopsies Undoubted¬ 
ly, m oui survey, Epstein and Stewait would have classified 
the majonty of oui nodulai cases as polyps Theie aie many 
valiants of nodules and polyps which may be placed m eithei 
class, depending upon the impiession of the pathologist, and 
winch aie essentially diffeient manifestations of one and the 
same condition Fiom oui study, we must considei the laryn- 


Benign Lesions True Vocal Cords 
Age Incidence 
300 Patients 



Fier 2 


geal nodule as the commonest chionic benign lesion of the 
vocal coids foi which tissue is removed foi diagnostic and 
theiapeutic measuies 

A laiyngeal nodule is a “specialized leaction to tiauma” 
(Ash c ), winch is basically a localized nodulai oi polypoid aiea 
of degeneiation of the lamina piopua These leactions of 
degenei ation include fibiosis, edema, a myxoid appeal ance, 
fibimous deposits, and even hemonhage, neciosis and calcifi¬ 
cation The ovei lying epithelium may be atioplnc oi slightly 
hypeitioplue and hypeikeiatotic Kelly and Ciaik,' Ash and 
Schwaitz, 3 have descubed these vanations m some detail 
We have followed then descriptions to a laige extent m an 
effoi-t to attain histological accuiacy and simplicity The 
edematous, fibious, angiomatous and myxomatous chaiactei- 
lstics aie shown in the photomiciogiaphs 
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3 S(|uamotH p tpilloma of the laijnx uith ndunUmt papilla, of 
ac uithotk aqimmoui tpltlullum our a (klk iU and rUlur «unt^ stilk of 
fibrous tlnsut (H and J ll(l\j 
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LARYNGEAL POLYPS 

As in many of the categones pioposed m oui survey, again 
theie weie diffeiences in the mteipietation of the tissue pie- 
sented to the pathologist, as fai as the entity, laiyngeal polyp, 
vas concerned In the fust gioup examined (Table II), 57 
cases weie diagnosed as laiyngeal polyps This numbei was 
1 educed (see Table III) to 27 cases when the tissues weie 
le-exannned Some weie tiansfened to the laiyngeal nodule 
category In some classifications, the laryngeal polyp is con- 
sideied a stage in the development of the laiyngeal nodule, 
and vice veisa 

We have used this teim foi lesions that aie polypoid, oi 
piojecting masses, composed pnncipally of a cential coie of 
fibious connective tissue of gieatei density than normal 
lamina piopua and co\eied b} a noimal oi only slightly 
hypei plastic oi hypeikeiatotic epithelium The oiigm is fiom 
the subepithelial oi Remke’s spaces It seems to conti ast with 
the papilloma, m that the stioma is piedonnnant in the polyp, 
while the epithelium is piedonnnant m tlie papilloma Al¬ 
though the fust stage (Ash) of the laryngeal nodule consists 
of subepithelial fibiosis, the eaily laryngeal nodule is not 
polypoid and, theiefoie, diffeis fiom tins lesion we aie calling 
a polyp Pol}ps aie pedunculated and may exhibit angiomat¬ 
ous and myxomatous chaiacteiistics Polypoid degeneiative 
changes aie diffuse and sessile, and aie sometimes descubed 
as laiyngeal nodules 


INFLAMMATIONS 

The nonspecific ehiomc mflammatoiy gioup, numbeiing 
34 cases, offeied much less confusion and difficulties m the 
pathologic diagnosis than those classes pieviously consideied 
The histologic signs of inflammation aie quite evident, and 
the numbei of cases of laryngitis with the vanous qualifica¬ 
tions are sinnlai to Tables II and III 

SQUAMOUS PAPILLOMATA 

The laigei numbei of papillomata weie so designated by 
the pathologist who perfoimed the initial examinations Aftei 
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rif-r I I J \o^tnic mulomu of the lur> n\ compost d of a ctlulur tfranu 
lation tissue with hemosiderin undtr a slight]) h\ perpHtfUc u ml hiper 
hcrntotic epltlulium (H and 1 (110X) 
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Fig 5 Polp of the larynx ith pedunculated configuration dense 
fibrous stroma and onlj, slightly thickened or h> perkeratotlc overling 
squamous epithelium This lesion is not as characteristically papillar\ In 
outline as Is the papilloma (EL and E 60X) 


furthei consideiation, accoidmg to the scheme previously 
outlined, the numbei m this section was 1 educed, with dif- 
feiences favoimg mainly the nodulai gioup 

The histological diagnosis was made on the basis of a 
papillary lesion, eithei pedunculated 01 sessile, composed of 
thick folds of hypei plastic, acanthotic, squamous epithelium, 
airanged ovei delicate, thm coies 01 piocesses of vascular¬ 
ized connective tissue, essentially similai to normal lamina 
propria In view of our piesent knowledge, cases of this 
lesion can be divided, clinically but not histologically, into 




Fig* -4 Pjogenlc granuloma of the larj n\ composed of a celular granu¬ 
lation tissue w ith hemosiderin under a slightl\ li\perplastic and hyper- 
keratotic epithelium (H and E (110XJ 
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Fig- 7 Larvngeal nodule probablv In an earl> phase showing edema¬ 
tous stroma small anglectasis and small amounts of fibrinoid strands in 
the stroma. The epithelium is alightlj hyperkeratotic (H and E 110X) 
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Fig- 6 Lar>ngeal nodule with angiectasia m> xoid stroma coarse fi¬ 
brinoid strands in the stroma particularly about the dilated blood \ easels 
or lymphatics and hj perkeratotic epithelium (H and E 110X) 


juvenile and adult foims These aie tumois of epithelial 
01 lgm 


EPITHELIAL CHANGES 

This is a division which, in any table of classification, 
could leceive a wide vanety of cases In the fust gioup 
examined, appioximately 40 specimens weie lepoited as 
showing some type of abnoimal epithelial changes Upon 
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i e-evaluation, the numbei, as will be noted, was 1 educed to 
25 


Hypeiplasia, hypeikeiatosis (hypeikeiatmization) and dys- 
keiatosis aie not uncommon laiyngeal conditions Many of 
the less seveie cases undoubtedly nevei come to biopsy We 
do not believe that one sees the advanced dyskeiatosis oi 
leukoplakia of the vocal coid that one finds m the mtiaoial 
cavity Epithelial changes of the mucosa of the vocal coids 
deseive the most caieful sciutiny, and mateual should be le- 
moved foi histological examination without piociastmation 
Such measuies will eventually disclose an eaily carcinoma 

The two lesions secondanly designated as caicmoma in situ 
weie eithei enoneously diagnosed oi the caicmoma was le- 
moved as an excisional biopsy, foi piolonged follow-up exam¬ 
inations have levealed no subsequent malignant developments 
In the case of tissue diagnosed as flankly epideimoid caici- 
noma, we have not been so fortunate in oui follow-up Al¬ 
though all effoits weie exhausted m attempting to obtain 
fuithei mfoimation about this patient, these weie without 
success 


CYSTS 

The diagnosis of cyst was appaiently not difficult, patholog¬ 
ically Theie was geneial unanimity of opinion m the exam¬ 
inations of the specimens 

PYOGENIC GRANULOMATA 

The gianulomata, appioximately 23 m numbei initially, 
aftei the levisional examination, became a gioup composed 
of only ten cases, the inflammatory category gaming theie- 
fiom 

The appeal ance of these giowths was that of a localized, 
nodular, and commonly polypoid mass of gianulation tissue, 
containing many capillanes, m a stioma of young fibi oblasts 
It is usually heavily infiltiated by histiocytes, and may con¬ 
tain an appieciable numbei of granulai leukocytes The 
oveilying epithelium is customanly intact and hypei plastic, 
sometimes to the point of pseudoepithehomatous hyperplasia 
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It diffeis fiom oichnaiy gianulation tissue, which is fre¬ 
quently in an aiea of ulceiation, showing supeificial neciosis 
and intense, acute inflammation 

MISCELLANEOUS GROUP 

Of the ongmal 300 sections, 15 weie found to have been 
misplaced oi misfiled, and could not be located foi this study 
The second pathologist consideied the tissue of nine specimens 
inadequate foi diagnosis, and these weie lejected foi fuithei 
consideiation The collected numbei of cases le-exammed 
was 276, and it is giatifymg that “noimal mucosa” was le- 
poited m only thiee instances One tiue hemangioma was 
piesent The section of skm was obviously labeled lm- 
piopeily The case of lymphoid nodulai mfiltiation has been 
followed foi seveial yeais, and theie has been no subsequent 
evidence of lymphoma oi leukemia 

COMMENTS AND SUMMARY 

A consecutive senes of 300 specimens of tissue lemoved 
fiom the vocal coids of the same numbei of patients weie 
examined histologically by two oi moie pathologists The 
sections weie collected ovei an eight-yeai penod, ending May, 
1957 Only benign lesions weie analyzed, and no consideia¬ 
tion was given to the oft-iaised question as to whethei benign 
oveigiowths of subepithelial stiuctuies should be designated 
as “tiue tumois” oi not No cases initially diagnosed as caici- 
noma weie studied m this suivey 

The fust analysis was earned out by pathologists who weie 
genuinely mteiested, but not specifically, m laiyngeal speci¬ 
mens The second exammei was one who showed particulai 
mteiest in this type of tissue Foi vanous leasons, the 
second pathologist had the oppoitunity of lepoiting on only 
285 sections lathei than the 300 available to the initial 
gioup of exammei s 

The sex incidence indicated 68 3 pel cent of the patients as 
males and 31 7 pel cent females, with the highest age in¬ 
cidence being in the 41 to 50-yeai gioup 



FITZ-HUGH, ET AL LESIONS OP VOCAL CORDS 


873 



Fig- 11 Lar\ ngeal c\st lined by cuboidal or simple squamous epithelium 
(H. and E 110X) 


upon the opinion of diffeient pathologists Some have con- 
sideied a laiyngeal polyp as a stage m the development of a 
nodule, and vice veisa, not two clinical entities The leason 
foi this is appaient, as theie aie many vanations in the 
histological appeal ances of these lesions, particulaily in laryn¬ 
geal nodules when degeneiative changes have occuned That 
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Fig 10 Laijngeal cjst lined bj columnar epithelium The overlying 
squamous epithelium Is slightlj h>perkeratotic (H and E 110X) 


Fiom oui own matenal and that available in the liteiatuie, 
theie is obviously much confusion in the nomenclatuie and 
histological inteipietation of benign specimens fiom the 
vocal coids This is especially tiue of lesions ansing fiom 
the subepithelial connective tissue layeis (Remke’s space), 
which have been designated as nodules 01 polyps, depending 
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AMERICAN ACADEMY OF OPHTHALMOLOGY AND 
OTOLARYNGOLOGY HOME STUDY COURSES 

The 1958-1959 Home Study Couises m the basic sciences 
l elated to ophthalmology and otolaiyngology, offeied as a 
pait of the educational piogiam of the Amencan Academy of 
Ophthalmology and Otolaiyngology, will begin on Septembei 
1 and continue foi a penod of ten months Detailed mfoima- 
tion and application foims may be secuied fiom Di William 
L Benedict, the executive secietaiy-tieasuiei of the Academy, 
15 Second Stieet, S W, Rochestei, Minnesota Registiations 
should be completed befoie August 15 
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we can always histologically diffeientiate exactly between the 
two is ceitainly not cleai It would seem possible that the 
laiyngologists and pathologists mtei ested in this subject 
could establish a ceitam cuteiion foi distinguishing between 
the two, which could be used to dispel the confusion that 
exists m the identification of these benign vocal membianous 
changes 

No definitive classification is attempted, because clinically 
it is difficult to do this, as theie is so little diffeience m the 
appealance and conduct of many of the lesions Again, fiom 
oui suivey, we must conclude that this same difficulty is ex¬ 
pel lenced by the pathologist In lieu of a classification, we 
have placed the lesults of oui examinations m ceitain gioups 
which will be helpful to us m claufying the subject in the 
futuie 

Ceitamly, one admonition is lecommended, namely, “laiyn- 
gologist, know youi pathologist” It is obviously desnable 
that the laiyngologist, m turn, supply the pathologist with 
moie detailed mfoimation about the gioss appeal ance and 
chaiaetenstics of the tissue to be examined 

The accompanying photomiciogiaphs lllustiate some of 
the examples of the specimens descubed, and Table IV shows 
a companson between the commonei lesions seen by the fust 
pathologist with the levision in the diagnosis by the second 

Finally, m summanzmg, it appeals that the vocal cold 
lesions which seem to be the most confusing to all aie the 
laiyngeal nodule, polyp, and possibly the papilloma Funda¬ 
mentally, we considei the nodule as being an oveigiowth of 
tissue containing an abnoimal tunica piopia, due to vanous 
degenei ative changes, with an essentially noimal suiface 
epithelium The polyp is an oveigiowth of tissue with an 
mciease in quantity of a noimal, 01 neai noimal, appealing 
tunica piopia with no degenei ative changes and an essentially 
noimal epithelium These two lesions aie of subepithehal 
ongm The papilloma is a tumoi containing a noimal tunica 
piopia, but an abnoimally bioad hypeiplastic epithelial sui¬ 
face which may show othei minoi metaplastic changes 
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Fig 1 Medullar\ squamous cell carcinoma of Grade IV maUffnanc'v 
with extensKe anaplasia and nuclear degeneration There were marked 
poihiloo tosis and anlsocj tosis with hydropic degeneration of protoplasm 
The characteristic feature abo\ e all others was a \ery acti\e 1> mphold 
reaction (Reproduced b> permission of 4rch of Otolarj ngolog} ) 








CANCER OF THE LARYNX 
Report of an Advanced Case Surviving 22 Years 

Arthur E Hammond, M D, 

Detioit, Mich 

In a pievious aiticle* the authoi xepoited on a senes of 
15 cases of caicmoma of the larynx which weie analyzed 
fiom the point of view of age and sex incidence, etiology, 
classification, symptom complex, histologic giadmg and espe¬ 
cially the vanous foims of suigical pioceduies It was stated 
at that time that ladiation theiapy—besides being the method 
of choice m extnnsic caicmoma of the laiynx—may prove of 
definite value m some advanced intnnsic caicmomas of the 
laiynx having a high index of malignancy with glandulai 
metastases 

The piesent bnef communication is a lepoit of Case II of 
that senes, which m 1935 was lefened foi ladiation theiapy 
because of the advanced clinical stage of the lesion, and pai- 
ticulaily since the histopathologic examination indicated a 
Giade IV index of malignancy The patient has now sui- 
vived, enjoying good health, foi a penod of 22 yeais 


REPORT OP A CASE 

The patient an adult white male foityse\en yeais old, was seen at 
the office on September 20, 1935 complaining of difficult breathing The 
history was that of piogTessive hoarseness ovei a period of five months 
with recent painful sw-allowing, difficult breathing and a weight loss 
of 12 pounds 

Indirect iaiyngoacopic examination levealed a large fungating tumor 
mass appaiently arising from the right vocal cord which was fixed 
Theie was one latge soft, freely movable Ijunph node in the right 
supiaglottic area and two smaller soft and freeb movable lymph nodes 
in the left supraglottic area 

The patient was admitted to Harper Hospital and direct laryngoscopy 
was performed on September 21 1935 under local anesthesia The 

epiglottis was edematous A large bleeding fungating mass covered the 
right vocal cord with some involvement of the left vocal cord The 
right vocal cord was fixed Blopsj was taken from both vocal cords 


* Archives of Otolaryngology January 19-12 Vol 35 pp 1-29 
Editors Note This manuscript received in The Laryngoscope Office and 
accepted for publication Jan 8 1938 
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On September 22 1935 a low tracheotoim was performed under local 
anesthesia and because of the extensile nature of the lesion the patient 
was referred for radiation therap} 

Between Sptember 24 1935 and March 10 1936 three series^of super 
voltage Roentgen therap''. were given with 500 Kv (constant) T mnt Cu 
filter corresponding to a half value laver of 9 mnt Cm The fractionated 



Fig 3 Laminagrara in the coronal plane shows the tracheotomy tube 
In place There Is a marked distortion of the glottic folds on the two sides 
particularly, on the left* but with the patient phonating the letter e 
a fairly good apposition of the xocal cords was obtained and the Morgagni 
space appeared fairl\ normal In contour 


protracted technique was used the total cumulated dose on the pathologic 
areas being t 000 r 

November 17 1935 Tracheotoim tube was remold and the opening 
closed spontaneouslv 

There was a satisfactory response to the radiation therapv and sub¬ 
sequent periodic follow up examinations gave the following findings 

September 5 1940 The patient has gained five pounds in weight. He 
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was a veiv acthe l\mphoId reaction (see Fig 1) a 1 otl ‘eis 
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Fig 5 Poateroanterlor roentgenogram of the chest repeals slight gen¬ 
eralized pulmonary edema \\ ith some prominence of the bronchovascuiar 
markings 


was in good general condition There were no palpable lymph nodes 
of the neck and no hoarseness Indirect Ian ngoscoplc examination 
showed a normally functioning larvnx There was no evidence of an> 
caicinoma and the ^ocal cords were freely movable 

October 30 1944 The patient has gained an additional three pounds 
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Fig 4 Lateral roentgenogram of the neck with soft tissue exposure 
and barium swallow shows no ubnormalitj of the esophagus 


A TECHNIQUE OF TYMPANOPLASTY 
(TYMPANOMALLEOLAR STAPEDIOPEXY) * 

Houston L Bell, M D , 

Roanoke, Va 


In a lecent article, “Technique of Tympanoplasty", pub¬ 
lished in the Archives of Otolai'yngology, the authoi xeported 
on two cases of tympanoma lleolai sta p edi opexy It was noted 
that wheie possible, if the head of the malleus was pieserved 
and lotated m such a mannei that it weie allowed to come m 
contact with the capitulum of the stapes, it not only seived 
as a sound conducting stiuctuie, but also pioduced a tenting 
effect on the dium 01 new giaft, thus preserving a gieatei 
vibiatory capacity of the dium 

Since the vibiatory capacity of the tympanic membiane, 01 
new giaft, plays the majoi lole m the tiansformation of sound 
piessuie fiom dium to oval window, 1-1 ” it is mandatory to 
maintain as much vibiatory aiea as possible m the tympano¬ 
plasty pioceduie Much woik has been lecoided m the Euro¬ 
pean liteiatuie showing attempts to impiove vibiatmg surface 
of new grafts In a few cases Wullstem attempted to line 
the hypotympanum and tubotympanum with oculai con¬ 
junctiva 01 amniotic membiane This would seem to make 
foi a moie complicated pioceduie m an alieady complex 
opeiation House has descubed the use of vinyl piostheses 
placed m the hypotympanum and extending thiough the 
Eustachian tube 


In my own senes of 100 cases of tympanoplasty, surveyed 
as of July, 1956, all Type III tympanoplasties oi tympano 
stapediopexies weie earned out m the conventional manner, 
namely 

1 Tympano atticotomy and lemoval of diseased tissue fiom 
the antium and removal of suigical bridge 


^ lt i the ,°f the Southern Section American Larj ngologrlcal 

Hhinolo&ical and Otological Societj Inc ilemphis Tenn Jan 25 1958 

Editors Note This manuscript recehed in The Larjngoscope Office and 
accepted for publication Jan 27 195S 
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weighing 144 pounds, and he continued to feel m ell There was no 
evidence of ceivical Ijnaph adenopathy Laryngoscopic examination was 
negative foi any pathology 

July 11 1945 Weight 144 pounds Laiyngoscopic examination nega 
tive Neck noimal 

February 21 1948 Weight 148 pounds General condition excellent 
Ldivnx and neck noimal 

October 26, 1956 Patient reported to the office with a history of 
recent spells of difficult breathing There were no other complaints 
Indirect laryngoscopic examination revealed abductor paralysis of both 
vocal cords 

On October 27, 1956, he was re-admitted to Harper Hospital for a 
fracheotomy Examination at this time levealed a well developed and 
well pieserved elderly white male who had obvious laryngeal stridor 
and hoarseness His distiess was not acute and the stridor was more 
marked with expiiation The geneial physical examination was nega 
tive, and the laboratory data w r eie all within normal limits Theie was 
no evident induiation of the structuies of the neck and no enlaigement 
of the cervical lymph nodes 

Or October 2S, 1956, direct laryngoscopy and tracheotomy w T eie per 
foimed The larynx was negative foz an> swelling, ulceration or tumoi 
masses Theie was bilateral abductoi paialysis of the vocal cords of 
indeterminate cause 

The patient was discharged to his home on November 5 1956 

On February 1, 1957 patient w r as le-examined There was a noimal 
appearance of the neck externally except that a tiacheotomy tube was 
14 situ (see Fig 2) Laminagraphie examination of the neck was made 
in the coronal plane (see Fig 3), which levealed the following findings 
\ tracheotomy tube was in place but did not interfere with visualization 
ot the glottic area Theie was a nraiked distortion of the glottic folds 
on the two sides, particularly on the left, but with the patient phonating 
the letter ‘e a faiily good apposition of the vocal cords was obtained 
and the Morgagni space appealed faiily noimal In contour Lateral 
roentgenograms of the neck w r ith soft tissue exposuie likewise showed 
the tracheotome tube in place but no othei findings Barium swallow 
demonstrated no definite esophageal abnormality (see Fig 4) Postero- 
anterioi roentgenogiams of the chest disclosed slight generalized pul 
monare emphysema with consequent piominence of bronchovascular 
markings throughout the lung fields There was an old pleural reaction 
in the left costophrenic sulcus region but no active lung disease No 
parenchymal oi pleural metastases weie seen The ribs, insofar as 
visualized appeared intact (see Fig 5) 

SUMMARY 

A case of advanced medullaiy squamous cell caicmoma of 
both vocal coids, taken fxom a senes of 15 cases published 
foimeily, is leported bnefly The patient was tieated with 
supei voltage Roentgen theiapy and has now survived foi a 
penod of 22 yeais 

Haipei Hospital 
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has its own natural simple stratified squamous mnei lining, 
and good results are obtamed in the majority of cases, again 
where there is only a marginal nm of drum membrane piesent 
and it must be preserved foi attachment of the new graft to 
the denuded drum lemnant. It not only serves as support 
foi the new dium but also provides excellent blood supply for 
its preservation Wheie the ear is dry and the mucosal lining 
of the tympanic cavity is thm and atrophic, good results will 
be obtained with tympano stapediopexy but in a smaller 
percentage of cases, because in an effort to contact the graft 
to the stapes adhesions and a loweied vibiatoiy area results 
If the mucosal lining of the eavum tympanum is hypei plastic 
and cystic it must be stiipped away, along with carious de¬ 
posits in the hypotympanum and tubotympanum, and the 
problem of maintaining a mucosal-lmed cavity with a vibiat- 
mg new drum contacting the stapes becomes increasingly 
difficult If one ens m pieseivmg the mucosa, he will many 
times end up with a persistently discharging eai, a slight or 
no healing gam and a dissatisfied patient 

In the leview of post operative lesults, it was noted that 
the laigei the drum defect replaced with fiee giaft contacting 
the stapes, even though all othei ideal conditions in the tym¬ 
panic cavity prevailed foi optimum lesults, the less consistent 
weie good healing results Many times, the thiee-week 
audiogram would show a good heaimg gam, well above the 
30 db level, only to be followed by a gradual recession of the 
pure tone curve at 01 below the level of adequacy (30 db 
level) This loss is unquestionably due to fibiosis of the law 
inner surface of the new graft to the medial wall of the tym¬ 
panum, resulting m i eduction of vibratory capacity, thus 
loweimg the sound conduction ratio It becomes essential 
then to preserve as much vibratory aiea as possible, and to do 
this one should attempt to elevate the flap fiom the tympanic 
wall lather than meiely to adheie it to the bony piommence 
of the cochleai promontory Realizing that the piomontory is 
necessary many times as a souice of blood supply foi the new 
graft, elevation of the giaft is still not only a prerequisite 
but also a definite advantage as fai as sound conduction ratio 
is concerned 
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2 Gioss and micioscopic examination of the ossiculai chain 
foi cholesteatoma or disiuption of ossiculai chain If the 
otologist is assuied of absence of mtia-tympanic pathology, 
such as is many times the case m so-called pumaiy cholestea¬ 
toma of pais flaccida, and if the stapes is mobile along with 
intact ossiculai chain, the pedicle giaft is used, the edges of 
the perfoiation aie appioximated and the patient is assuied 
of leasonably good healing at least above the 30 db level 
Some obseiveis have stated that many times the healing will 
lecede m these cases due to 

a eventual dislocation of the incus fiom the head of the 
stapes 

b adhesions fiom the pedicle hampenng the movement of 
the ossiculai chain 

I believe that dislocation of the incus, is an opeiative hazaid, 
and secondly, adhesions may be avoided if one pieseives a 
high dome on the facial ndge, and if one pieseives the antenoi 
and postenoi spines 

8 If theie is bony ankylosis, oi a dehiscence m the nanow 
poition of the long piocess of the incus constituting a bieak 
m the ossiculai chain, one then elects to do a tympano stapedi- 
opexy The antenoi and postenoi spines aie lemoved, and 
the facial ndge is loweied as far as possible, almost to the 
facial neive itself The tympanic membiane is mobilized 
postenoily, eschaned on its mnei suiface and tucked into the 
niche of the oval window conta cting the hea d of the stapes 
Many times the capitulum piojects to the level of the loweied., 
facial ndge, and contact is no pioblem 

Good lesults aie obtained with tympano stapediopexy m 
those eais with peifoiation of the pais flaccida and pnmary 
cholesteatoma, because as a nile the mucosal lining of the 
cavum tympanum is intact and the hypotympanum and tubo- 
tympanum aie not involved Likewise, good lesults aie 
obtained wheie theie aie small maigmal peifoiations of the 
pais tensa, pioviding one can pieseive the mucosal lining of 
the tympanic cavity and the lound window is demonstiated to 
be patent In both of these cases the tympanic membiane 
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chain, assuming mobile stapes and noimal lound window 
membiane with patent niches aie piesent 

2 Tympano malleolai stapediopexy, 01 stapes to malleus to 
dium pioceduies, aie employed wheie laige maigmal dium 
defects (30 pei cent oi moie) aie piesent, and stuppmg of 
cystic hypei plastic mucosa fiom the tympanum, hypotym- 
panum, and tubotympanum is necessaiy 

3 It is felt that pieseivation of the malleus lotated and 
applied to the head of the stapes pi oduces a tenting effect and 
bettei vibiatory capacity of a new dium moie fiee of ad¬ 
hesions to the medial tympanic wall sunoundmg the stapes 

U The obseivation is made of good heaung impiovement 
to the satisfactory level m a secondary fenestiation of a ladi- 
cal cavity in which tlieie was no gioss evidence of a mucosa- 
lmed cavity fiom the tubotympanum to the patent lound 
window, thus indicating that possibly m some cases only an 
an bubble ovei a functioning lound window membiane is 
necessaiy foi adequate intia-labyimthme phase interval 

5 It is, theiefoie, theoiized that m those patients with 
atiophic oi absent mucosal lining m the vicimty of the lound 
window area, if theie is satisfactory tenting of a new giaft, 
pioduced by the head of the malleus, assuming a functioning 
lound window membiane exists, it is possible to achieve a 
satisfactory heaung gam, even though theie is no gross 
evidence of mucosally lined cavity demonstrated by mobility 
of the new drum. 


AMERICAN BOARD OF OTOLARYNGOLOGY 

The Ameiican Boaid of Otolaryngology will conduct only 
one examination m 1958, and this will be Octobei 6-9, 1958, 
m Chicago, Illinois, at the Palmer House 

For fuithei mfoimation addiess Dr Dean M Lieile, 
Secy-Treas , University Hospital, Iowa City, Iowa 
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BELL TYMPANOPLASTY 


In the last 70 tympanoplasties, opeiated on since July, 1956, 
I, theiefoie, have concentiated on pieservmg the head of the 
malleus wheie possible, all cases m which extensive mtia- 
tympanic suigeiy was pexformed, and laige flee giaft was 
employed, lotatmg it ovei the head of the moveable stapes 
and attaching the flee graft to the denuded dium lemnant, 
the head of the malleus and the facial ndge postenoily This 
creates a tenting support x>f the new dium and piovides a 
gieatei vibiatmg suiface at the oval window, as well as a 
shielding of the lound window Applying this punciple to 
those cases m which it was necessary to employ ladical le- 
moval of diseased hyperplastic mucosa m the~entne tympanic 
cavity and obtaining a few good heaung impi ovements, I 
then employed the pioceduie m a few patients with pais 
flaccida lesions with umfoimly good lesults At the piesent 
time, wheie possible, the head of the malleus is Reserved m 
all cases with laige maigmal defects and extensive disease of 
the tympanic cavity and where the stapes is deeply set, and 
hearing is m my opinion bettei than in stapes to dium pio- 
ceduies, due most likely to mcieased vibiatory capacity 

It was noted that m one patient m whom a secondary fenes- 
tiation pioceduie was performed on a diy ladical mastoid 
cavity m which theie was no gioss evidence of mucosa-lmed 
cavum tympanum, the patient received an excellent heaung 
gam to the piaetical level Tins indicated that a mucosa-lmed 
cavity extending fiom the round window to the Eustachian 
tube may not be necessaiy m all cases, but meiely an an 
bubble ovei the lound window would suffice foi pieservation 
of mtia-labyrinthme phase lelationship, providing the lound 
window weie patent and the stapes mobile This would be 
especially tiue piovidmg the mucosa were atiophic oi absent 

CONCLUSIONS 

1 Tympano stapediopexy, oi stapes to drum pioceduies, 
aie employed wheie the membianous lining of the cavum 
tympanum is intact and the simple squamous lining of the 
tympanic membiane is normal, such as m a perfoiation of 
pais flaccida, cholesteatoma and ankylosed oi bioken ossiculai 
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the leconstiuctive opeiation m one stage Multiple operations 
tend to create more fibrosis and adhesion formation 

Five types of tympanoplasty (Wullstem 2 ) have been ad¬ 
vised to accommodate these various pathological changes 

Type I Plastic closure of an eaidium perforation 

Type II Preservation of the ossicular chain with large 
grafts covering the perforated drum and the budge and/or 
ossicles 

Type III Removal of the malleus, incus, and bridge, and 
the placing of a graft onto the dium remnants and head of 
the stapes 

Type IV Removal of lemnant of ossicles and bridge m 
cases without a stapes with a giaft applied to the promontory 
or into the oval window and sealing off the hypotympanum, 
lound window and Eustachian tube fiom the external eai 

Type V Same as Type IV, with the addition of fenestiation 
into the horizontal semicn culai canal 

A comparison has been obtained between 76 tympanoplas¬ 
ties performed m the first ten months of 1957, with 75 con¬ 
servative oi modified radical mastoidectomies performed m 
previous years, as to lesults achieved Agamst these two 
gioups we have also tabulated a group of 50 radical mastoidec¬ 
tomies 

In demonstrating the results obtained in the tympanoplas¬ 
ties, one must considei, fust of all, that these are the eai best 
cases attempted in this type of suigery, and second, these 
cases aie so recent that final healing results may be some¬ 
what bettei than we demonstrate at piesent, furtheimoie, 
these cases aie not selected, but lathei lepiesent consecutive 
cases that presented themselves and weie opeiated upon, using 
vanous ones of the five types of tympanoplastic pioceduies 
descnbed by Wullstem 2 

The method of charting the comparisons is as follows The 
hearing befoie suigery was aveiaged for the frequencies of 
500, 1000, and 2000, and plotted on a vertical line Gams m 
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A Comparative Study of 76 Tympanoplasties, Contrasted with 
Modified Radical, and Radical Mastoidectomies *f 

Bruce Proctor, M D, 

Detioit, Mich 


Tympanoplasty may be defined as the combination of sui- 
geiy foi eradication of chiomc eai inflammation and suigical 
leconstruction of the sound conducting and sound piotecting 
mechanism FienckneU leported lecently “Tympanoplasty 
is now embiaced with gieatei intei est in a numbei of 
diffeient clinics m Euiope In my opinion, this would seem 
to have become one of the bioadest and most important 
fields of opeiation within otology duung the lecent decades 
In the United States, on the othei hand, this opeiation is 
viewed with consideiably moie skepticism, and has not yet 
aroused the pioper intei est” My comment heie would be, 
that many Amencan otologists aie now woikmg in this field, 
and it is hoped that befoie long we will contribute to the 
piogiess of this concept, pioneeied by European otologists 

Fiom what we have learned m tympanoplasty, it is apparent 
that early operation of chiomc eai inflammation is advisable, 
both fiom a functional and also fiom the miciosurgical and 
anatomical point of view When it is obvious that an inflam¬ 
matory disease in the middle ear is meveisible by conserva¬ 
tive measuies, and will piogiess with functional deterioration, 
it is impel ative that suigeiy be peifoimed, even though an 
ideal result can not be piomised The eailiei that this is done, 
the less destiuctive will be the pathological changes m the 
epitympanum, ossiculai chain, diumhead, Eustachian tube, 
hypotympanum, annulai ligament, and lound window niche 
and membrane Every attempt should be made to perfoim 

♦Read at the meeting- of the Middle Section American Laryngologlcal, 
Rhlnological and Otologlcal Society Chicago, Ill Jan 13 1358 
•(•Department of Otolaryngology Wayne State University 
Editor s Note This manuscript received In The Laryngoscope Office and 
accepted for publication March 10 1958 
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taneously with a false diuin adheient to the piomontoiy and 
piotecting the lound wnndow Tow aid the end of this senes 
weie lecoided a gioup with piofound losses m healing-, due 
to seious labyimthitis complicating fistulas m the honzontal 
canal These cases submitted to ladical mastoidectomy be¬ 
cause of labynnthine complications 

A group of 75 consecutive conservative 01 modified ladical 
mastoidectomies weie then leviewed, (see Figs 3, 4, 5, 9) 



Many of these cases weie undoubtedly candidates foi ladical 
exenteration, but because actne pathology appealed to be 
confined to the attic and/oi antium, the middle eai was often 
not distuibed, hoping that some heanng would be lestoied 
In almost every case the budge was iemo\ed In all cases the 
ossicles oi lemnants of ossicles weie not lemoved The dium 
w as not elevated oi distuibed m any way When feasible a 
portion of the membranous postenor canal wall was left at¬ 
tached to the drum and swung on a pedicle to co\ei the os¬ 
sicles Failuie to gain healing if coupled with suppuiation, 
was followed by ladical levision In 17 of the 75 cases, heai- 
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heaiing aie indicated on the veitical lines by the shaded bais, 
and losses by open bais No change is indicated by a shoit 
honzontal line Bone conduction losses aie indicated by the 
dotted lines dropped fiom the top of the charts A bai con¬ 
necting two vertical columns below the base indicates the two 
eais m one patient If the conductive loss is gieatei than 30 
db foi the mam aiea of speech, the lesult is legalded as un- 


db 


30 


60 


90 




Fig 1 Radical Mastoldcctoms 


satisfactoiy, even though the opeiation p ioduced a definite 
mciease m the heaiing 

Befoie considering the conseivative ladical mastoidectomy 
gioup, we shall leview the lesults obtained m the ladical 
mastoidectomies with respect to hearing gam oi loss This 
will give us some sort of base line to judge the effectiveness 
of the conseivative ladical eai suigery gioup In the gioup 
of 50 ladical mastoidectomies tabulated (see Figs 1, 2), a 
total of 17 showed some gam m heai mg, but only six improved 
ovei the 30 db level A total of 27 sustained furthei loss in 
heaiing, and six weie unchanged Two cases with a maiked 
gam in heaiing, suipassing the 30 db level, had healed spon- 
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is attributed to a perfoiation m the giaft and to the foimation 
of adhesions in the tympanum 

Pieseivation of the ossiculai chain with laige giafts cov- 
ei mg~tHe~perfoiated dium and the budge and/oi ossicles— 
Type II tympanoplasty (see Figs 6, 9) was performed m 23 
cases In five cases gains to above the 30 db line weie ob¬ 
tained In seven cases furthei healing gams above this line 
weie lecoided In foui cases some healing loss occuned, but 


db 



Fig 4 Modified Radical Mastoidectom> 


lemamed at 01 above the 30 db line In seven the 30 db line 
was not leached Sev enty pei cent of these c ases had heanng 
above 30 db , and of these 35 pei cent had heanng above a 15 
db level VVullstein 2 consideis the 15 db line a satisfactory 
level m Types II and III tympanoplasty These lesults com- 
paie favoiably with those leported m this same mannei by 
Wullstem 4 The lesults aie suipnsmgly similar to those ob¬ 
tained with the modified ladical mastoidectomy in 75 cases 
(see Fig 9) Jongkees 3 leopeiated nine Type II tympanoplas¬ 
ties and atti lbuted failuies ongmally to the following Leav¬ 
ing ossicles w ith small defects, hoping that they would heal, 
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mg was bi ought up to oi sui passed the 30 db level In 32 
cases, pieopeiative heaimg losses of less than 30 db was 
maintained above that level Thus a total of 49 cases (65 
pel cent) benefited audiologically by conservative ladical 
mastoidectomy as conti asted with only 12 pei cent m the 
ladical gioup Only five cases with pieopeiative heaung 
loss of less than 30 db diopped below this level 


db 


30 


60 


90 


Fie: 3 Modified Radical Mastoidectomy 



In the fust ten months of 1957 a total of 76 tympanoplasties 
weie peifoimed and their lesults compiled, even though many 
of them have not entnely healed It must be lemembeied 
that a survey of this type does not give an accuiate pictuie 
of the benefits of this suigeiy Foi example, a cholesteatoma 
uniting disiupted ossicles may be lesponsible foi lelatively 
good heaung which diops consideiably with the sole lemoval 
of the cholesteatoma Zollnei 3 states that the staitmg point 
of i ehabihtation should be leckoned at the lowei level 

Plastic closuie of an eaidium perfoiation—Type I tympano¬ 
plasty (see Fig 6) was attempted m only foui cases, with 
satisfactoiy lesults m thiee The failuie m the fouith case 
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The relatively pool lesults m Type III, as contiasted to 
Type II, can be explained by the moie extensive destiuction 
of middle eai stiuctuies, and particulaily the mucosal lining 
Destruction of mucosa by the inflammatory drsease process, 
combined with a nroie complete removal of the budge, pie- 
disposes to moie extensive postoperative adhesion formation, 
paiticulaily about the stapes, also, often veiy little, if any, 
is left of the eai drum, and the manubnum of the malleus is 


TYPE I TYPE II 



lemoved, so that the newly cieated eaidium is audiologically 
less effective than the normal diurnhead Among nme failures 
lepoited by Jongkees 5 m Type III, the following factois weie 
found responsible The aich of the stapes had been bioken, 
lesidual inflammation had continued to destroy the ongmally 
intact stapes, too stiff 01 calcified stapedius tendon which 
pi evented vibiation of the stapes, non-adhei ence of the dium 
01 graft to the head of the stapes, and adhesion of the dium 
to the piomontory, due to too thick a giaft, 01 insufficient 
post-opeiative inflation of the Eustachian tube 

When the stapes is destroyed the lattei cannot be used 
for its columellai (sound tiansmission) effect One might 
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oveilookmg a disiupted ossicle, attempting to bung mutilated 
ossicles into contact with one anothei, insufficient lemoval 
of disease fi om middle eai 01 attic, covei mg active pathology 
with a skm giaft, and gianulation 01 cholesteatoma had 
lefoimed, and madveitently oveilookmg a dislocation of the 
incus At leopeiation the middle eai was cleaned, the incus 
and head of the malleus lemoved and the dium placed on the 
head of the stapes 
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Fig 5 Modified Radical Mastoidectomy 


Removal of the malleus and incus and the placing of a graft 
onto the dium lemnants and head of the stapes—Type III 
tympanoplasty (see Figs 7, 9) was peifoimed in 26 cases 
Heaung was impioved m 20 cases, deci eased m foui cases, 
and lemamed unchanged m two cases In 12 cases the 30 db 
line was leached, and m five of these the 15 db line was 
leached In thiee cases heaung was maintained above the 
30 db level, and one lemamed above 15 db The lesults le- 
poited by Wullstem* aie bettei, m that 17 pei cent of his 
patients leached the 15-30 db level This gap could piobably 
be nau owed m time by impiovement an skill and-judgment 
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panoplasty This has been attubuted to the lelatively thick, 
lelaxed graft which seals off the small tympanum, offering 
excessive sound piotection to the lound wmdow while the 
stapes footplate lemams fiee Failuies in 11 cases of Type 
IV tympanoplasty weie levised by Jongkees 5 and weie at- 
tubuted to Closuie of the oval window by tough connective 
tissue, the skin giaft had not healed onto the oval window 
membrane 01 stapes footplate, a mass of tissue had foimed 


TYPE IV TYPE V 


db 


r 







Fig S Tympanoplasty Types IV and V 


m between the flap and the membiane of the oval window, 
01 that the flap was too firmly fixed to the piomontory 

When the stapes footplate is fixed by new bone foimation 
01 dense adhesions so that it cannot~be mobilized, one must 
Qonsidei then a f enestiat i on into the honzontal semicnculai 
canal with a giaft again placed to^ea^off the_iound window, 
hypotympanum and Eustachian tube fiom the external eai— 
Type V tympanoplasty (see Fig 8) Six cases weie at¬ 
tempted m this fashion The fust five were old ladical 
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be able to use the tiansposition of a poition of the malleus 
or the incus to obtain a substitution columellai effect, (Mio- 
donski, 6 Hall and Rytznei 7 ), but often that is not possible, so 
that the choice is to create sound piotection foi the lound 
window with a giaft applied to the promontory, and if neces- 
saiy into the oval window niche with sealing off of the hypo- 
tympanum 


TYPE III 


db 
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Pig 7 Tvmpanoplast\ T\pe III 

If the stapes footplate is mobile oi can be mobilized, it is 
left open to the ladical cavity—Type IV tympanoplasty (see 
Figs 8, 9) Kley 8 states that post-opeiative healing with the 
stapes footplate alone, oi with only a membianous occlusion 
of the fenestia ovahs is not woise than with a pieserved stapes 
oi foimation of an artificial columella Seventeen cases weie 
perfoimed in this manner Seven leached the 30 db level of 
healing, anothei foui obtained a less satisfactoiy gam m 
heai mg, one diopped below the 30 db line, and four obtained 
no benefit 

Wulstem 4 and also Richtnei 0 have lepoited a large numbei 
of theoietically excessively good lesults aftei Type IV tym- 
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of otology Type I tympanoplasty lias its place m closuie of 
benign and diy perfoiations of the dium Type II is not much 
diffeient fiom the old concepts of conservative ladical mastoid 
suigery, but with the lefmements of miciosuigery, combmed 
with expeilence and good judgment, we can eliminate some of 
the failuies encounteied with the conservative opeiation Type 
m is a new concept of collective suigery with lestoiation 
of function in a laige peieentage of cases which pieviously 
had been subjected to ladical mastoidectomy The suigery m 
Type IV is a distinct and maiked impiovement m the treat¬ 
ment of advanced middle eai disease and holds much piomise 
foi the futuie The old alternative was the ladical mastoidec¬ 
tomy, and it has been demonstrated that hearing lesults with 
that proceduie aie maikedly pool Type V in piopeily select¬ 
ed cases, and they aie infrequent, should often lesult in 
giatifymg impiovements due to the achievement of sound 
protection for the lound window and the cieation of a new 
window open to the external eai 
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mastoidectomy cavities with maiked healing loss m the op¬ 
posite eai The lesults obtained weie all unsatisfactoiy be¬ 
cause of one 01 moie of the following factois Mucosal giafts 
weie placed acioss the hypotympanum to the Eustachian tube 
and may not have been effective, excessive fibiosis was 
piesent m both windows and piobably leformed m the lound 
window, thiee of the giafts perf mated piesumably because of 


pool vasculanty, and in 

two the membianous labyimth ap^ 


ABOVE 
15 db 

15-30 db 

BELOW 
30 db 

TYPE 11 23 cases 

35% 

35 % 

30 % 

WULLSTEIN 

30 

40 

30 

TYPE III 26 cases 

19 

39 

42 

WULLSTEIN 

15 

60 

25 

TYPE IV 17 cases 

6 

36 

58 

WULLSTEIN 

19 

50 

31 

MODIFIED RADICAL 

75 cases 

37 

28 

35 


Fig- 9 Summary of results obtained In Types IX III and IV tympano¬ 
plasty and comparison of results reported by Wullstein in 350 cases also 
results obtained in 75 modified radical mastoidectomies 


peaied pathological, although pieopeiative bone conduction 
tests indicated good neive function Miodonski 0 leports three 
cases of Type V tympanoplasty with a maikedly 1 educed 
lumen m the semicnculai canal and ampulla (phthisis laby- 
unthi, Zange) Pieopeiative vestibulai leactions weie weak 
m his cases In the last case chaited, one which had not been 
opeiated befoie, a satisfactoiy lesult was obtained 

The suigery of tympanoplasty offeis much to the futuie 
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a suigical method foi achieving this lesult, which they called 
“tympanoplasty ” Since the lecent publication of articles by 
these physicians m English and Amencan journals, inteiest 
m tympanoplasty has been gieat m tins country Plastic 
pioceduies on the middle eai foi closuie of perfoiations and 
impiovement of heaung have been developed duimg this 
same penod, pimcipally by Ameiican otologists, including 
Jueis, 5 House, 0 and Wnght, Guilfoid and Diaper 7 These 
techniques aie most intei estmg, but aie not withm the scope 
of this papei 

Although my expenence with tympanoplasty is still limited, 
it was thought that some mfoimation might be gamed fiom 
a buef leview of my cases Between Maxell 21, 1957, and 
Novembei 1, 1957, 16 tympanoplasties weie done by me at 
Ochsnei Foundation Hospital on patients langmg m age 
fiom four to 45 yeais In the ensuing paiagiaphs selection 
of cases, technique, and lesults of tympanoplasty will be dis¬ 
cussed m the light of this expenence 

SELECTION OF PATIENTS 

Tympanoplasty can be peiformed on any patient with 
chionic otitis media and mastoiditis, piovided cochleai func¬ 
tion is adequate to wan ant this moie time-consuming and 
meticulous pioceduie I piefei myi mgoplasty m patients 
with tiaumatic oi long healed and diy cential perfoiations 
that have pioved lesistant to moie conservative attempts at 
closui e 

Pieopeiative puie tone ail and bone audiometry, and speech 
audiometry, aie essential Use of the acoustic piobe, as ad¬ 
vocated by Zollnei 12 seems unnecessaiy to me, because the 
ossiculai chain and window function will be inspected at 
opeiation Its value is even questionable because of sound 
conduction by the diseased pioducts piesent 

Pieopeiative deteimination of the piedommate pathogenic 
organism and appiopnate antibiotic, followed by a penod of 
local and systemic tieatment, is desirable but not essential 
Disease of the paianasal sinuses and nasopharynx should be 



EARLY EXPERIENCE WITH TYMPANOPLASTY 
(WULLSTEIN TECHNIQUE) *f 

Miles L Lewis, M D , 

New Oi leans, La 


Until lecently it has been customaiy to classify chionic 
otitis media and mastoiditis m two geneial categories sur¬ 
gical and non-surgical The basis of this division depended 
upon the likelihood of extension of the pathologic piocess to 
the biam, labyrinth 01 facial neive, in the opinion of the 
classifies and upon the piesence 01 absence of cholesteatoma 
This classification was a good, but not infallible guide, as 
cholesteatoma and mtiaciamal complications can also occui 
m “non-suigical eais” 

Numerous “modified” radical operations have been devised 
man attempt to conserve or impiove healing m these patients 
Such procedures have often resulted m satisfactory eradica¬ 
tion of the disease, even though some had to be converted 
latei to ladical operations, but they have been lather dis¬ 
appointing fiom the standpoint of improvement of healing 
Thus the goal m the suigical treatment of chronic otitis media 
and mastoiditis is two-fold pnmanly, eradication of the 
disease, and second, satisfactory postoperative hearing 

Foi many yeais otologists have been astounded by the oc¬ 
casional patient with healed chronic otitis media, or ladical 
mastoid cavity, whose healing was excellent On inspection 
of these patients it was noted that a membiane had foimed, 
enclosing the onfice of the Eustachian tube and the round 
window niche, and that occasionally this membrane was ad- 
heient to the stapes Zollner 12 and Wullstem, 3 -* woikmg m 
different universities m Geimany, made these observations 
and began woikmg, in the yeais after World Wai II, to devise 

♦Head at the meeting- of the Southern Section American Larj ngological, 
Rhlnologlcal and Otologrical Society Inc Jan *.6-~0 1958 Memphis Tenn 

tFrom the Department of Otorhinolaryngology Ochsner Clinic New 
Orleans 

Editor’s Note This manuscript receded In The Laryngoscope Office and 
accepted for publication Jan 27 1968 
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a suigical method foi achieving this lesult, which they called 
“tympanoplasty” Since the lecent publication of aiticles by 
these physicians m English and Ameucan journals, mteiest 
m tympanoplasty has been gieat m this countiy Plastic 
pioceduies on the middle eai foi closuie of peifoiations and 
impiovement of heaung have been developed duung this 
same penod, puncipally by Ameucan otologists, including 
Jueis, 3 House," and Wnght, Guilfoid and Diapei 7 These 
techniques aie most intei esting, but aie not within the scope 
of this papei 

Although my evpenence with tympanoplasty is still limited, 
it was thought that some mfoimation might be gained fiom 
a buef leview of my cases Between Maich 21, 1957, and 
Novembei 1, 1957, 16 tympanoplasties weie done by me at 
Ochsnei Foundation Hospital on patients langing m age 
fiom foui to 45 yeais In the ensuing paiagiaphs selection 
of cases, technique, and lesults of tympanoplasty will be dis¬ 
cussed m the light of this evpenence 

SELECTION OP PATIENTS 

Tympanoplasty can be peifoimed on any patient with 
chionic otitis media and mastoiditis, piovided cochleai func¬ 
tion is adequate to wanant this moie time-consuming and 
meticulous pioceduie I piefei myi ingoplasty in patients 
with tiaumatic oi long healed and diy cential peifoiations 
that have pioved lesistant to moie conseivative attempts at 
closuie 

Pieopeiative puie tone ail and bone audiometiy, and speech 
audiometiy, aie essential Use of the acoustic piobe, as ad¬ 
vocated by Zollnei 1 - seems unnecessaiy to me, because the 
ossiculai chain and window function will be inspected at 
opeiation Its value is even questionable because of sound 
conduction by the diseased pioducts piesent 

Pieopeiative deteimmation of the piedonnnate pathogenic 
oiganism and appiopnate antibiotic, followed by a penod of 
local and systemic tieatment, is desnable but not essential 
Disease of the paianasal sinuses and nasophaiynx should be 



tieated pieopeiatively Patency of the Eustachian tube must 
also be detei mined befoie opeiation 


TECHNIQUE 

The technique of tympanoplasty is not steieotyped, itrnust 
be adapted to the pathologic alteiations piesent Unless in¬ 
ti acianial extension is piesent 01 imminent, the opeiation is 
done m one stage The basic punciples aie simple, and have 
been lucidly piesented by Wullstem 3 ' 4 The puncipal factois 
m sound tiansmission to the mnei eai aie sound pressuie 
tiansfoimation fiom the tympanic membiane to the labynnth, 
and sound piotection of the lound window In Types I and II 
the ossiculai chain is intact,_and the attic is pieserved, thus, 
both of these factois aie piesent Jin Type III sound piotec¬ 
tion of the lound window and partial sound piessuie tians¬ 
foimation (thiough the “colhimella effect” of the stapes) 
aie piesent In Types IV and V sound piotection of the lound 
window is the only factoi piesent 

If an an-containing, mucosal-lined, middle-eai space, en¬ 
closing antenoily a patent Eustachian tube and posteiioily a 
fieely moveable lound window membiane, can be developed 
and maintained, useful healing will lesult, piovided the 
stapes footplate is fieely moveable and cochleai function is 
adequate The following technique was employed m the cases 
m this senes 

A full thickness skin giaft is taken, half fiom the postenoi 
suiface of the auncle and half fiom the postauiiculai legion, 
as advocated by Wullstem 3 4 The maigms aie undeimmed, 
and the defect is closed with mattress sutuies An endauial 
incision is made, and the posteiosupenor membianous canal 
is lemoved by an incision to one millimetei lateial to the an¬ 
nulus The mastoid antium is exposed by removal of bone 
with cutting buns postenoily, beginning two millimeters 
lateial to the notch of Rivmus A-flat low budge is foimed, 
and all diseased mastoid cells aie exenteiated, caie being 
taken to foim as small a bowl as possible 

Attention is then dnected to the middle eai and attic The 
lemamdei of the opeiation is done thiough the opeiatmg 
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micioscope All vital aieas must be inspected (“contioiled”) 
with as little distuibance to the lemammg tympanic mem- 
biane and ossicles as possible _Tlns includes the attic, ossicles, 
lound window niche, mesotympanum, hypotympanum, and 
^ifice^fThe^Eustaclnan tube Tins may be possible tlnough 
aTlaige central peifoiation Often it is necessary to dull 
the conti ol windows of Wullstem, 34 to enlaige the attic by 
turning down SlnapnelPs membiane and lemoving bone fiom 
below upwaid, 01 peiliaps to cut the budge anteiioily to le- 
move the matnx of the cholesteatoma fiom the antenoi ex¬ 
tent of the attic It is advisable to che ck the lenticulai piocess 
of th e incus ancLits articulation-with thejstapes eaily, as tins 
is the most vulneiable portion of the ossiculai cham, and if it 
is not intact, the pioceduie can be gieatly shortened by le- 
moval of the bridge All cholesteatoma and diseased mucosa 
must be lemoyed fiom the attic, mesotympanum, hypotyon- 
pahum, stapes 01 oval window^ lound window niche, and 
^Tlfice mf the~ Eustachian-tube This is accomplished by use 
of small scissois, cuiettes, cup foiceps and suction Mobility 
of the footplate of the stapes is detei mined by piesence of the 
“change piessuie” (stapedius^ leflex) sign As much mucosa 
as possible is saved ovei the aiea that is to form the new 
middle eai The aieas that aie to form the bed foi the giaft 
aie piepaied down to subepithelial tissue 01 to bone Aftei 
the annulus fibiosa, and as much of the tympanic membiane 
as possible have been saved, the entile aiea has been caiefully 
inspected foi lesidual disease, and bleeding has been con¬ 
ti oiled, it is time to place the giaft The giaft should be 
carefully piepaied befoiehand and thinned of all subcutane¬ 
ous tissue so that it is soft and pliable Small pledgets of 
Gelfoam® soaked m penicillin solution aie then placed ovei 
the aiea that is to form the new middle eai, extending fiom 
the 01 if ice of the Eustachian tube into the lound window 
niche The giaft is then laid in position, adjusted, and cut 
to fit Laigei pieces of Gelfoam® aie placed ovei the giaft, 
and the lemammg cavity is packed with vasolme gauze strips, 
and a basket filled with small sponge squaies 

Postopeiativelv, all packing is lemoved aftei six days, the 
Gelfoam® ovei the giaft is lemoved on the tenth day, and the 
Eustaclnan tube is caiefully inflated on the tenth to foui- 
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tieated pieopeiatively Patency of the Eustachian tube must 
also be detei mined befoie opeiation 

TECHNIQUE 

The technique of tympanoplasty is not steieotyped, it must 
be adapted to the pathologic alteiations piesent Unless in¬ 
ti acianial extension is piesent 01 imminent, the opeiation is 
done m one stage The basic punciples aie simple, and have 
been lucidly piesented by Wullstem 34 The puncipal factois 
m sound tiansmission to the mnei eai aie sound piessuie 
tiansfoimation fiom the tympanic membiane to the labyimth, 
and sound piotection of the lound window In Types I and II 
the ossiculai chain is intact, and the attic is pieserved, thus, 
both of these factois aie piesent _In Type III sound piotec¬ 
tion of the lound window and partial sound piessuie tians- 
foimation (thiough the “collumella effect” of the stapes) 
aie piesent In Types IV and V sound piotection of the lound 
window is the only factoi piesent 

If an an-containing, mucosal-lined, middle-eai space, en¬ 
closing antenoily a patent Eustachian tube and postenoily a 
fieely moveable lound window membiane, can be developed 
and maintained, useful healing will lesult, piovided the 
stapes footplate is fieely moveable and cochleai function is 
adequate The following technique was employed m the cases 
in this senes 

A full thickness skin giaft is taken, half fiom the postenoi 
suiface of the auncle and half fiom the postaunculai legion, 
as advocated by Wullstem 34 The maigms aie undeimined, 
and the defect is closed with mattiess sutuies An endauial 
incision is made, and the posteiosupenoi membianous canal 
is removed by an incision to one millimetei lateial to the an¬ 
nulus The mastoid antium is exposed by lemoval of bone 
with cutting buns postenoily, beginning two millimeteis 
lateial to the notch of Rivmus A-flat low_bndge is foimed, 
and all diseased mastoid cells are exenteiated, caie being 
taken to foim as small a bowl as possible 

Attention is then dnected to the middle eai and attic The 
lemamdei of the opeiation is done thiough the opeiatmg 
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micioscope All vital aieas must be inspected (“contiolled”) 
with as little distuibance to the leruainmg tympanic mem- 
biane and ossicles as possible ^This includes the attic, ossicles, 
lound window niche, mesotympanum, hypotympanum, and 
lITiffce YifTEiTEustachian tube This may be possible through 
aTlaige central peifoiation Often it is necessaiy to dull 
the contiol wmdows_of Wullstein , 34 to enlaige the attic by 
turning down Shiapnell’s membiane and lemovmg bone fiom 
below upwaid, 01 peihaps to cut the budge a ntenoily to le- 
move the matiix of the cliolesteatoma fiom the antenoi ex¬ 
tent of the attic It is advisable to che ck th e lenticulai piocess 
of th e incus audits articulation with the stapes eaily, as this 
is the most vulneiable portion of the ossiculai chain, and if it 
is not intact, the pioceduie can be gieatly shortened by le- 
moval of the budge All cholesteatoma and diseased mucosa 
must be lemoved fiom the attic, mesotympanum, hypotym- 
panum, stapes 01 oval window^ lound window niche, and 
nTI ficemf the" Eustachian-tube Tins is accomplished by use 
of small scissoxs, cuiettes, cup foiceps and suction Mobility 
of the footplate of the stapes is deteimined by piesence of the 
“change piessuie” (stapedius 1 eflex) sign As much mucosa 
as possible is saved ovei the aiea that is to form the new 
middle eai The aieas that aie to form the bed foi the giaft 
aie piepaied down to subepithelial tissue 01 to bone Aftei 
the annulus fibiosa, and as much of the tympanic membiane 
as possible have been saved, the entile aiea has been caiefully 
inspected foi lesidual disease, and bleeding has been con¬ 
ti oiled, it is time to place the graft The giaft should be 
caiefully piepaied befoiehand and thinned of all subcutane¬ 
ous tissue so that it is soft and pliable Small pledgets of 
Gelfoam® soaked m penicillin solution aie then placed ovei 
the aiea that is to form the new middle eai, extending fiom 
the 01 if ice of the Eustachian tube into the lound window 
niche The giaft is then laid m position, adjusted, and cut 
to fit Laigei pieces of Gelfoam® aie placed ovei the giaft, 
and the lemaimng cavity is packed with vasolme gauze strips, 
and a basket filled with small sponge squaies 

Postopeiatively, all packing is lemoved aftei six days, the 
Gelfoam® ovei the giaft is lemoved on the tenth day, and the 
Eustachian tube is caiefully inflated on the tenth to foui- 
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tieated pieopeiatively Patency of the Eustachian tube must 
also be detei mined befoie opeiation 

TECHNIQUE 

The technique of tympanoplasty is not steieotyped, it must 
be adapted to the pathologic alteiations piesent Unless in¬ 
ti acianial extension is piesent 01 imminent, the opeiation is 
done m one stage The basic pnneiples aie simple, and have 
been lucidly piesented by Wullstem 34 The puncipal factois 
m sound tiansmission to the mnei eai aie sound piessuie 
tiansfoimation fiom the tympanic membiane to the labynnth, 
and sound piotection of the lound window In Types I and II 
the ossiculai chain is intact, and the attic is pieserved, thus, 
both of these factois aie piesent In Type III sound piotec¬ 
tion of the lound window and partial sound piessuie tians¬ 
foimation (thiough the “collumella effect" of the stapes) 
aie piesent In Types IV and V sound piotection of the lound 
window is the only factoi piesent 

If an an-containing, mucosal-lmed, middle-eai space, en¬ 
closing antenoily a patent Eustachian tube and postenoily a 
fieely moveable lound window membiane, can be developed 
and maintained, useful heaung will lesult, piovided the 
stapes footplate is fieely moveable and cochleai function is 
adequate The following technique was employed in the cases 
m this senes 

A full thickness skin giaft is taken, half fiom the posteiioi 
suiface of the auncle and half fiom the postaimculai legion, 
as advocated by Wullstem 34 The maigms aie undeimined, 
and the defect is closed with mattiess sutuies An endauial 
incision is made, and the posteiosupenoi membianous canal 
is lemoved by an incision to one milhmetei lateial to the an¬ 
nulus The mastoid antium is exposed by lemoval of bone 
with cutting buns postenoily, beginning two milhmeteis 
lateial to the notch of Rivmus A-flat low budge is foimed, 
and all diseased mastoid cells aie exenteiated, caie being 
taken to foim as small a bowl as possible 

Attention is then dnected to the middle eai and attic The 
lemamdei of the opeiation is done thiough the opeiatmg 
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microscope All vital aieas must be inspected (“contioiled”) 
with as little disturbance to the remaining tympanic mem¬ 
brane and ossicles as possible This includes the attic, ossicles, 
lound window nich e, mesotvmp anuni, liypotympanum, and 
orifice of tluTEustachian tube This may be possible thiough 
aTlaage cential perforation Often it is necessary to dull 
the control wmdows_of Wullstein , 34 to enlarge the attic by 
turning down Shiapnell’s membiane and removing bone fiom 
below upwaid, or peihaps to cut the bridge anterioily to le- 
mo\e the rnatiix of the cholesteatoma fiom the antenoi ex¬ 
tent of the attic It is advisable to check the lentaculai piocess 
of th e incus andats- articulation -with the stapes early, as tins 
is the most vulnerable portion of the ossiculai chain, and if it 
is not intact, the procedure can be greatly shortened by re¬ 
moval of the budge All cholesteatoma and drseased mucosa 
must be removed fiom the attic, mesotympanum, hyfiotym- 
panum, stapes or oval window^ round window niche, and 
orifice of the-Eustachian tube Tins is accomplished by use 
of small scissors, cuxettes, cup forceps and suction Mobility 
of the footplate of the stapes is determined by piesence of the 
“change piessuie” (stapedius reflex) sign As much mucosa 
as possible is saved ovei the aiea that is to form the new 
middle ear The aieas that aie to foim the bed foi the giaft 
are piepaied down to subepithelial tissue 01 to bone After 
the annulus fibiosa, and as much of the tympanic membiane 
as possible hare been saved, the entire area has been caiefully 
inspected for residual disease, and bleeding has been con¬ 
trolled, it is time to place the giaft The giaft should be 
caiefully piepaied befoiehand and thinned of all subcutane¬ 
ous tissue so that it is soft and pliable Small pledgets of 
Gelfoam® soaked in penicillin solution aie then placed ovei 
the aiea that is to form the new middle eai, extending fiom 
the 01 if ice of the Eustachian tube into the lound window 
niche The giaft is then laid m position, adjusted, and cut 
to fit Laigei pieces of Gelfoam® are placed ovei the giaft, 
and the remaining cavity is packed with \asohne gauze strips, 
and a basket filled with small sponge squaies 

Postoperativelv, all packing is lemoved after six days, the 
Gelfoam® o\ei the graft is lemoved on the tenth day, and the 
Eustaclnan tube is caiefully inflated on the tenth to foui- 
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teenth day The tube is inflated at each postopeiative visit 
theieaftei, and the patient is instiucted to inflate his eai 
caiefully by the Valsalva maneuvei daily 

TECHNICAL PROBLEMS 

In my limited expenence with this pioceduie seveial mmoi 
technical pioblems have become evident The gi a ft^should 
be wide My eaily tendency to make the giaft too nauow, 
and theieby pioduce less “pinning back” effect on the auncle, 
was an unwananted feai, as in seveial months the auncle 
will assume its onginal position small new middle eai 
is desuable, as the smallei the fiee portion of the giaft, the 
less likely it is foi peifoiation to occui A wide gap between 
the antenoi wall of the external auditoiy canal and the facial 
lidge is desuable, the antenoi edge of the giaft should be 
bevelled, and should not extend too fai lateially on the an- 
tenoi wall of the external auditoiy canal T heie shoul d be 
no folds 01 oveilapping of the giaft, and the stapes footplate 
should be left uncoveied by the giaft m Type IV pioceduies 
The bowl must extend to the level of the flooi of the external 
auditoiy canal, and the facial lidge should be quite flat, to 
facilitate the placing of the giaft and to peimit easiei post¬ 
opeiative caie 

Expei lence m dissection and use of the drill thiough the 
opeiatmg microscope is lapidly gained, and piesents no prob¬ 
lem Meticulous attention to detail in cleansing the stapes 
and lound window niche is essential to a good lesult 

It has been said “bettei a good Type III 01 IV than a pool 
Type I 01 II ” The less expei lenced the suigeon in this woik 
the tiuei is this expression The pnmaiy concern is com¬ 
plete lemoval of the disease, and plastic leconstiuction of the 
sound-conducting appaiatus will not be successful if this is 
not done 


RESULTS 

Of the 16 tympanoplasties, two weie Type I, nine Type III, 
and five Type IV Twelve of the 16 patients have intact, in¬ 
flatable middle eais Thiee have had perforations m the 



LEWIS EXPERIENCE WITH TYMPANOPLASTY 


905 


giaft, one of which was closed by cautenzation and patching 
with legam of heaung Two new middle eais have been closed 
by adhesions Of the two patients who had Type I pioceduies, 
one has essentially normal healing and the othei a laige pei- 
foiation m the giaft with no gam in heaung One of the 


TABLE i 

Audiologic Results of Tympanoplasty Types III and IV 



Avg db 

A\g P O Air Conduction 

Max. db 

Best P O Hearing 

Type 

Gain 

Threshold Loss in db 

Gain 

Level in db Loss 

III- 

_16 

34 

35 

23 

IV- 

_ ^14 

38 

32 

27 


patients on whom a Type IV tympanoplasty was done is 
scheduled to have a fenestiation opeiation soon The post- 
opeiative heaung status of the patients who had Types III 
and IV tympanoplasties is shown m Table I Labyimthitis 
and othei seiious complications have not occuned in this 
senes 


CONCLUSIONS 

Tympanopla sty is a te dious time consuming, but fas¬ 
cinating suigical pioceduie The heaung gam in this senes 
has fallen short of what is leported to be obtainable, but I 
have been encouiaged by the eaily postopeiative lesults, and 
believe that tympanoplasty is the treatment of choice foi 
most patients with chiomc otitis media and mastoiditis 
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SOUTH CAROLINA SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

The next joint annual meeting of the Noith Caiohna Eye, 
Eai, Nose, and Thioat Society and the South Caiohna Society 
of Ophthalmology and Otolaryngology will be held m Asheville, 
N C , on Septembei 14-17, 1958, at Giove Paik Inn An ex¬ 
cellent piogiam is m the making The following guest oph¬ 
thalmologists will be piesent Di James A C Wadswoith, 
New Yoik, N Y , Di Aithui Geiaid DeVoe, New Yoik, 
N Y , and Di Fiank B Costenbadei, Washington, D C 
The following guest otolaryngologists will be piesent Di 
F W Davidson, Danville, Pa, and Di Tom Rambo, New 
Yoik, N Y A thud otolaiyngologist will be announced m 
the neai futuie A good attendance is anticipated 

Foi furthei mfoimation wnte dnectly to Di Geoige Noel, 
c/o Caban us Bank Bldg, Kannapolis, N C, 01 Di Rodenck 
Macdonald, 330 East Mam St, Rock Hill, S C 



PARAORBITAL LESIONS *f 


F Harbert, M D , 

Philadelplna, Pa 

This discussion will be limited to lesions which may cause 
signs and symptoms m the oibit and its contents, but which 
oiigmate m aieas adjacent to the oibit Conditions to be con- 
sideied m diffeiential diagnosis will be enumeiated and illus- 
tiated by cases m my expeiience Anatomically, the paia- 
oibital aiea consists of 

1 Nose and Sinuses 

2 Nasopharynx 

3 Cianial cavity 

U Skin of lids and adnexa 

GENERAL DISORDERS 

Osteitis deformans (Paget’s), osteitis fibiosa, and leontiasis 
ossea give chaiactenstic X-iay findings The lipodystiophies 
may involve membiane bones adjacent to the oibit Diabetes 
msipidis and biopsy confnm the diagnosis Fibious dys¬ 
plasia, sometimes called ossifying fibioma, begins m child¬ 
hood with slow piogiession and is often appaiently quiescent 
m the adult It is chaiactenzed by absoiption of noimal bone 
and leplacement by adult fibious tissue m which new bone 
appeals Histologically theie is sharp demaication between 
noimal bone and new giowth and no penosteal or othei host 
leaction Radiogiaphically the maigms aie vague 

INJURIES 

The tissue of the lids and bulbai conjunctiva aie notonously 
subject to extravasations of blood, giving the classical black 

•Read at the meeting of the Eastern Section American Lar\ ngologtcal 
Rhinological and Otological Societ\ Inc Philadelphia Pa. Jan 9 1958 
tFrom the Department of Otolar\ ngolog} and Bronchoesophagolog} Jef¬ 
ferson Medical College ° 

manuscrlpt recelN ed in The Lari ngoacope Office and 
accepted for publication Feb 27 1958 
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eye It is intei estmg to note that this hemonhage does not 
necessai ily come from direct tiauma, but is often due to dia- 
pedesis thiough delicate capillanes The capillanes on the 
lateral aspect of the bulb aie most pi one to this, as shown by 
the frequency with which extiavasation occurs heie as a le- 
sult of excessive coughing and m lhmoplasty 

Epiphoia and lid edema is common as a leaction to tiauma 
or infection of the paraoibital aiea Limitation of the globe 
and mduiation indicate oibital cellulitis, abscess, or cavernous 


BENIGN NEOPLASMS OF NOSE, NASOPHARYNX AND SINUSES 


Adenoma^ 

[ usually polypoid 
Ijigioaaj 

Cbondrona 

Ervdothelioma 

Fibroma 

Fibrous dyplasia (ossifying fibroma) 
Hamartoma 

Juvenile angiofibroma 
Lipoma 

TABLE I 


Mixed tumor 

Hyxoaa 

NeurileanoM 

Heurofibro»a 

Odontoma 

Osteoma 

Papilloma (inverting) 

Plaauacytoma 

Teratoma 


sinus involvement In response to a blow, the skull and facial 
bones become defoimed, with 01 without fiacture This 
sudden deformation may cause a teai or injury to soft tissue 
even when fiactuie does not occui, as foi example hematoma 
of the maxillary sinus associated with oibital edema 

Blows to the zygoma often cause fractuies of the orbital 
maigm mfenoily and lateially in conjunction with fiacture 
of the zygomatic aich In evaluating such a fracture it is 
impel ative that alignment of the delicate plate-like floor of the 
01 bit be determined ladiographically It is well to lemember 
that fiactuies here may not be demonstrable by routine films 
If fiagments aie depressed mto the antium enophthalmos 
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lesults when edema subsides This used to be called fat 
atiophy following mjuiy, but is due to herniation of oibital 
contents into the maxillary sinus by scai contiaction Re¬ 
placement and maintenance of these fiagments by packing, 
inflated balloon, etc, thiough a Caldwell-Luc incision is 
usually necessaiy 

Emphysema of the oibit may be associated with fiactuies 
involving the sinuses, particulaily the ethmoid Emphysema 
occun. ing without tiauma may indicate an eiodmg lesion, e g 
ethmoid osteoma 


malignant neoplasms op nose, nasopharynx, and sinuses 


C a sing ** 




JU3 ftcocaro JjooQfl 


IngioMXcana 


inolohlftatoc-A 


Choodrosarcoc* 


Chord ona 


Fibre ear conn 


Epldercold c*rcinonii 
Nruroblaotcpa 

Transitional cal! carcinoaa, (ljnphoaplthallcca) 
Undifferentiated carcinona 


TABLE II 


LjTipho MTccni 
Malignant achvnnnona 
Malanooa. 

Mjralcaa 

Ooteogaaic carcorji 

Reticulm call aarcora (Evirga) 

Rhabdonjeanrcor* 


NOSE AND SINUSES 

The lelation of the nose and smuses to the oibit is ehaiactei- 
lzed by thm bony partitions with f 1 equent dehiscences, absence 
of orbital lymphatics, and fiee anastomosis of veins We may 
considei that blood fiom the sinuses diam into the cavernous 
sinus via the oibit, and in sinusitis, extension to the orbit 
is by phlebitis The fiontal sinus is insignificant below age 
seven, and maxillary sinusitis causes oibital complications 
only when theie is osteomyelitis The smuses account foi 
60 pei cent of oibital infections Of these the fiontal is most 
often the cause, except m youngei childien wheie ethmoid 
disease is moie impoitant 1 Gianuloma may be specific, e g 
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Chondrosarcoma of the nose causing unilateral proptosia and bilateral 
a Isual impairment 

Fig 1 Indeterminate findings b> usual \ lews 


scleioma, yaws, syphilis, etc, 01 non specific The midlme 
(lethal) gianuloma lemams an enigma Cysts such as dei- 
moid and dentigeious may extend into the oibit 

SINUSITIS 

Acute fulminating fiontal sinusitis may occui m younger 
individuals with noimal sinuses, often aftei swimming Acute 
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Fig 2 Plantgraphic demonstration of tumor 


Exaceibations of chionic disease, 01 lecuirmg acute attacks 
indicate undei lying pathology such as inadequate aeiation 
Obstiuction is m the nasofiontal connection, and not m the 
nose Such pioceduies as lemoval of nasal polyps, inf 1 action 
01 amputation of the middle tuibmate, and submucous le- 
section may be indicated, but lately lelieve the basic ob- 
sti uction 
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Fig 2a. Basal \iew oi skull show Ing encroachment on nasopharyngeal 
airwaj and obliteration of foramnna and Eustachian tube 

Nasophan* ngeal lymphosarcoma causing proptosis paralysis of the Vlth 
ner\e and extension to middle and external ears on admission Complete 
regression under X-raj therapy with subseQuent metastasis to lunj-,s 


Bone leacts to infection by eithei piolifeiative 01 destiuc- 
tive changes The foimei is commonly seen as a condensing 
osteitis of the sinus wall, and usually indicates a chiome and 
mildei piocess than demmeialization Sinus tiacts may ex¬ 
tend to the lids 01 01 bit Local destiuction of maiiow (osteo¬ 
myelitis) indicates a moie acute process Because of intimate 
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venous connection between maiiow spaces, duia, and penoi- 
bita, both mtia ciamal and oibital complications may occui m 
the osteolytic type Reactive oibital edema is common with 
acute sinusitis 

Mucocele Mucocele causes eiosion and absoiption of ad¬ 
jacent bone with encioachment on the nose, oibit, and duia 
The fiontal sinus is most commonly involved in adults, and 




Fig 2b ilaj era \ lews showing coalescence of external coral antrum 
and adjacent cella 


the ethmoid m the young The maxillary and sphenoid sinuses 
aie laiely affected The symptom calling foi medical atten¬ 
tion is usually painless deformity—in the case of the oibit 
pioptosis Diagnosis is usually made by X-iay, which shows 
thinning of walls and obhteiation of noimal scalloping of the 
fiontal sinus 01 coalescence of ethmoid cells Pei iodic oph¬ 
thalmoplegic migiame and pioptosis may indicate sphenoid 
mucocele If a mucocele exposes both the penoibita and the 
duia theie may be a pulsating exophthalmos 

Neoplasms Tumois involving the oibit occui appioxi- 
mately as follows 0 pnmary 60 pei cent, paiaoibital 30 pel 
cent, metastatic 10 pei cent 




FIs' 2c Pulmonary metastasis 


The eye is able to adapt to slow invasion of the orbit, as by 
a benign tumoi without the development of diplopia, 01 limita- 
tion of exclusions even when pioptosis is maiked The de- 
velopment of diplopia and leduced mobility with little piop¬ 
tosis is, theiefoie, an indication of a lapid oibital invasion, 
and is moie chaiactenstic of a malignant tumoi 1 

Nasal polyps of the mucoid type piactically never encioach 
„ the 01 bit, but the piesence of nasal polyps may mask moie 
deep seated disease Repeated biopsies, sometimes thiough 
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external incisions, may be necessaiy to establish the piesence 
of a neoplasm The use of iodized oil, Papanicolaou smeais, 
and aspnation biopsy have questionable value, m that a posi¬ 
tive finding must be confnmed by open biopsy, and a negative 
finding is valueless 3 The piesence of umlateial polyps and 
dischaige, 01 epistaxis, particulaily wan ants thoiough study 3 

Osteoma is an encapsulated bony tumoi onginatmg fiom 
distuibed oi displaced cartilage Cortical, cancellous, and 



Fig 3 Basal and squamous carcinoma of lids n ith extension into 
orbit requiring exenteration and metastasis to certlcal l>mph nodes 


mixed vaneties aie lecogmzed They aie slow gi owing and 
pioduce symptoms by obstiuctmg passages causing mucocele 
oi secondaiy infection, sinus tiact formation, oi encioaching 
on adjacent oibital oi cianial aieas The fiontal sinus is 
involved in one-half of the cases, the maxillary m 10 pei cent, 
and the ethmoid m the l cst 14 Sphenoid involvement is very 
laie 

Caicmoma of the paianasal sinuses constitute only 0 2 per 
cent of all caicmoma 3 Of these by fai the gieatest numbei 




t/1 u 




X AlUlUiUJI X XXLJ XXUOIVJI'I o 


oiigmate m the antrum, and the balance in the ethmoid The 
fiontal and sphenoid aie usually secondai lly involved 1 Males 
aie affected twice as often as females foi both osteoma and 
caicmoma Unless the tumoi onginates superficially and 
causes eaily obstiuction or bleeding, the diagnosis is usually 
made late X-iays usually fail to leveal the full extent of the 
lesion 


NASOPHARYNX 

Malignant tumors of the nasopharynx constitute about 
3 pei cent of all malignancies, and aie most often epideimoid 
m the adult and saicomatous m the young They may spiead 
to the 01 bit, mtiacramally, oi along the Eustachian tube The 
peritubal syndiome (tuad of Tiottei) consists of deafness 
due to seious otitis media, neuialgia due to involvement of 
the mandibular division of the Vth nerve and palate palsy 
The syndrome of the oibital apex (petrosphenoid syndrome) 
consists of palsy of one or moie nerves II, III, IV, V, VI, and 
the sympathetic (Homer’s syndrome) The orbit becomes 
involved by extension m the foiamen laceium along the caiotid 
aiteiy to the supenoi oibital fissuie, oi by extension fiom the 
pteiygoid space to the mfeiioi orbital fissure Deep seated 
parotid tumois may affect the orbit by the lattei loute Some 
piimaiy malignant lesions may not be recognized, even in the 
piesence of ceivical metastasis, which occuis m 75 pei cent 
of cases In 50 per cent, the first symptom is oculai, viz 
diplopia, pain, oi reduced vision Fifteen pei cent have 
symptoms refenable to the ear—pam, fullness, deafness, as 
the initial complaint 1 Any case of otherwise unexplained 
cervical adenopathy, otalgia oi deafness, facial pam or an¬ 
esthesia, or diplopia, should have a thorough examination of 
the nasophaiynx and biopsy of any suspicious lesions 

Juvenile angiofibioma occurs usually in male adolescents, 
glows to about age 25 and then recedes It may originate 
from any part of the base of the skull, often with multiple 
attachments It absoibs adjacent bone by slow giowth, 
and may extend mtiaciamally into the oibit, nose, sinuses, 
and sphenopalatine fossa Recurrent severe epistaxis, nasal 
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obstiuction, 01 secondaiy sinusitis is common Biopsy of such 
a tumoi had best be done m the opeiatmg 100m 

Choidoma is a tumoi originating fiom the ciamal end of the 
notochoid It may occui m the nasophai ynx, sphenoid 01 
mtiaciamally X-iay may show a bony defect at the site of 
the tumoi A partial list of otliei tumois to be consideied 
is shown in Tables I and II 

SKIN AND ADNEXA 

Malignant tumois of the skm may extend into the oibit 
Lid tumois aie fiequently baso-squamous It is well to le- 
membei that while basal cell tumois piactically nevei metasta¬ 
size, the baso-squamous type do When an epidermoid lesion 
involves only soft tissues, tieatment by eitliei ladiation 01 
suigery may be consideied When bone is mvolved the piog- 
nosis is giave, and tieatment by any method is difficult, but 
suigeiy piovides a bettei piognosis than ladiation Acute 
mflammatory piocesses of the skm 01 lachrymal sac may 
cause oibital cellulitis 01 abscess, while chionic lachrymal sac 
infections may pioduce sinus tiacts 

CENTRAL NERVOUS SYSTEM LESIONS 

Cential neivous system lesions, causing oibital symptoms 
may be consideied undei the heading of tumois, cavernous 
sinus thrombosis and A V aneurysm 

Piobably the most common mtiaciamal tumoi associated 
with the oibit is meningioma ansing m the vicinity of the 
sella 01 sphenoidal ndge The lattei may extend into the 
oibit as well as mtiaciamally Manow bone adjacent to such 
a tumoi often leacts by causing hypeiostosis while cortical 
bone is absoibed Chaiactenstic X-iay findings and the 
syndiome of the oibital apex aie diagnostic Pioptosis and 
optic atiophy usually piecede neuiological findings and pi¬ 
tuitary dysfunction Pituitaiy tumois extending into the 
sphenoid may be best tieated by the otolaryngologist 

Cavernous sinus plilebitis is usually due to toxic swelling 
of the endothelium and thiombosis to stasis The oiigmal 
souice of infection may be as follows 
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1 Skin of the face (especially the lids, lip, and scalp, via 
angulai and supenoi ophthalmic veins) 

2 Nose' (via ethmoid and ophthalmic veins) 

3 Teeth (via pteiygoid plexus and mfenoi ophthalmic 
vein) 

4 Eai and Mastoid (fiom lateial sinus oi via petiotym- 
panic fissuie to pteiygoid plexus and mfenoi oibital vein) 

5 Tluoat (via pteiygoid plexus and mfenoi ophthalmic 
vein) 

Cavernous sinus thiombosis may also occui in blood dys- 
ci asias and septicemia 
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THE WONDER DRUGS—A PSYCHOSOCIAL 
PHENOMENON* 

Lester L Coleman, M D , 

New Yoik, N Y 


It is said that the history of civilization has as its rmnoi 
the history of medicine The art and piactice of medicine 
has been intimately interwoven into eveiy phase of man’s 
accomplishments, foi always the history of a nation's econ¬ 
omy, giowth, intellectual and artistic attainments have been 
dependent upon the health of its people 

Revolutionary concepts m science and medicine have 
thiough the ages opened new honzons and new vistas foi the 
study of man Eveiy geneiation seems to have biought with 
it newei accomplishments, newei theiapeutic techniques, 
newei diagnostic facilities, all bringing with them a growing 
feeling of encouiagement and hope 

All theiapies fiom time immemoiial have had as a valuable 
ally an auia of magic and sorceiy Even today disease is 
still enshrouded by a veil of mysteiy Invisible piessuies, 
appaiently beyond the conti ol of the individual, seem to exert 
foices that convert health to illness Disease seems to be en¬ 
dowed with special malice governed by an invisible mystic 
foice Feveis, chills and anxieties uncontrollable and unyield¬ 
ing have been lecoided as having these mystenous oveilays 
Disease is consideied capricious and punitive, especially by 
those plagued with guilt foi leal 01 fancied sms 

Moies aie diffeient m all civilized and pnmitive societies 
The chaiactei of the taboos may vary with special enlighten¬ 
ment, but the violated taboo always suggests that disease is 
punishment foi sm and guilt The invisible devil exerting 
his malicious charms is given special ciedit foi the causes of 
disease Civilized societies impose similai supernatuial quali- 
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ties to the raystenes of modern-day illness We, too, seek the 
cause of disease m quasi ti uths and fiction, departing slightly 
fiom the primitives who seek thens with magico-iehgious 
incantations Magic, the unexplained, is as vital an element 
m the healing as m the cause of disease 

The potency of the soiceiei and the efficiency of his art, 
legaldless of the natuie and cause of sickness, lies in the 
magical healing qualities of his piescnption The gieatei the 
lanty, the gieatei the difficulty m obtaining it, the gieatei 
the expense, the gieatei is the potential cuiative powei of 
that diug Ranty is the exploitable element m the soiceier*s 
aimamentanum of magic Exoicism, one of the pi ecui sol's 
of the psychosomatic concept, was a potent technique against 
any spiritual mtiusion The magico-iehgious implications of 
the etiology and cuie of diseases has its specific loots in the 
social and economic stiuctuie of any particulai society Thei- 
apy m pnmitive society is lational m teims of its paiticulai 
world of magic and the supematuial Foi these pnmitives 
it is logical and piedicated on the faith in the tubal healei 
The lapport between the savage and the soiceiei, his medical 
consultant, is solidified by exquisite faith based on past ac¬ 
complishments Witchciaft and black magic, boin of scien¬ 
tific limitations m pnmitive society, has its exact counterpart 
in the medical practices of today’s society 

All theiapy has evolved thiough distinct penods of lgnoi- 
ance and tiuth The paiallel relationship between disease 
and therapy can be used foi study of one 01 both At fust 
all theiapy was magical, mystical and leligious, and had no 
basis in fact Theiapy was then non empirical and based on 
illogical postulates The next phase of enlighenment was the 
pie-scientific eia when therapeutic pioceduies weie based on 
abstiact oi metaphysical ideas, combined with the beginning 
of the empmcal appioach Latei came the positivistic or 
eaily scientific attitudes towaid theiapy based on the study 
and observation of natuial phenomenas Unfoi tunately, dur¬ 
ing this penod theie was as yet not enough intei disciplinary 
knowledge for the adequate explanation of these anatomical 
and physiological phenomena 

The ei a into which we have gi own with scientific matui ity 
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is one whose accomplishments aie based on scientific postu¬ 
lates, scientific obseivations and thoiough analysis Theiapy 
attained its full matunty with the lealization that no science 
can be isolated 01 insulated fiom all othei biological, philo¬ 
sophical 01 social disciplines The tlieiapeutic ultimum could 
only be attained by extensive intei disciplinary exchanges of 
all allied mfoimation 

The advances and con elation of this intei disciphnaiy 
knowledge is lapidly bunging us to a peak of scientific ac¬ 
complishment Physical, chemical, biological and social 
studies, combined with psychoanalytical disciplines, aie all 
lepiesented in tins matui e humanistic eia of medicine Medi¬ 
cine mcoipoiates these scientific studies, piloted by the physi¬ 
cian who applies them foi clinical theiapy The hoiizons have 
thus been expanded foi today’s doctois They must not be 
burdened 01 limited by any sociological piessuies and 1 evert 
to ancient concept of theiapy 

Language is the basic means of communication between 
the doctoi and the patient, yet each speaks a diffeient lan¬ 
guage, one that needs amplification and explanation The 
confusion of this language bainei is elaboiated because the 
patient seems to “heai with an accent ” The patient listens 
but heais with a distortion bom of the tensions and anxieties 
of illness Illness destroys the emotional stability of many 
patients, 01 at least alteis it It is in this off-balance posi¬ 
tion that they fust make contact with then doctors Long 
after the disease and its devitalization has passed, the doctoi 
continues to be identified witn painful symptoms, complaints, 
alteiation of pioductivity and financial buidens Thus the 
physician evolves as a piedatory subveisive who paiasitically 
thuves on the patient’s misfortune 

The doctoi is consideied by the patient as the possessoi of 
infinite wisdom, and is invested with the cloak of symbolic 
levelence and adulation Subtle piessuies aie imposed upon 
him to maintain this piecanous position of limitless knowl¬ 
edge Lai elv is he permitted the luxuiy of saying “I don’t 
know” or “I will find out” Ansveis aie a must, even if 
fiction is substituted foi fact Fiction thus cieated must 
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latei be denied 01 confnmed with additional fiction Enois 
thus become fixed m the mmd of the patient who is convinced 
of the omniscience of his doctoi Foi, a simple thought, 
cloaked in a polysyllabic phiase, can become a confusing 
enigma leaching culmination m wondeiment and awe by the 
patient 

Theie aie many such paiadoxes m the doctoi-patient le- 
lationship that must be reconciled befoie complete solidifica¬ 
tion of tins impoitant unity is to be achieved Patients lesent 
being emotionally and physically undiessed and exposed to 
the mtucate and labynnthme investigations that seem to be 
aimed at the annihilation of then peisonal ego The doctoi 
sometimes sadistically enjoys the authoiitanan position that 
allows him to mtiude into eveiy cievice of the patient’s life. 
Doctois have been enveloped with a halo of godliness foi so 
long that they have giown to enjoy its magical potency 

Many doctois aie offended when then light to then god¬ 
like pinnacle of piommence is questioned They weai then 
piotective cloak of godliness, feaung only that if defiocked 
they will leveal then human fiailties and expose then med¬ 
ical inadequacies 

The despeiate need and impulse to “do something” is the 
doctoi’s lesponse to anxiety supei imposed on him by the 
patient The stiess of feai and anxiety that mvanably ac¬ 
companies all disease makes uigent theiapeutic action a neces¬ 
sity This stiess is a piofound piessuie on the lelationship 
between the patient and the doctoi It is the same piessuie 
of anxiety which expiessed itself in sacnfiees at the altai 01 
m visits to the shnne of an oiacle It is the same impulse 
that led pumitives to seaich out the stiange heib foi con¬ 
coctions foi the sick Ignoiance of the potential 01 the m- 
giedient of the herb played no part m the motivations to give 
it Out of this sociological piessuie has grown the philosophy 
of the placebo Medicine has nevei been divoiced fiom this 
concept Implicit m the function of all diugs, with oi with¬ 
out a specific phaimacological action, is the important emo¬ 
tional value of the placebo Even the antibiotics, used judi¬ 
ciously to destioy a specific oiganism have the distinct 
emotional ovei tones of the placebo 
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It is not my puipose to become too involved m geneial 
semantics 01 m psychoanalytical inteipi etations May I be 
f01 given if I lecall that a fundamental to the lelationship 
between the doctoi and the patient is the need foi dependence 
and peihaps a legiessive infantile need foi punishment The 
authoiItalian peisonality, the piotectoi, the physician be¬ 
comes the embodiment of suppoit and secuiity of the paient 
Patients classified as placebo leactois with a distinct evidence 
of suggestibility aie the passive dependent types who lely on 
the authoilty of the doctoi 

Any medication piescubed by the physician cames with it 
the hope of fulfillment and piotection The medication takes 
on an emphatic piojection of the doctoi's peisonality and be¬ 
comes m essence a symbol of support, of faith and even of 
spmtual wisdom The actual chemical mgiedient has as a 
hallmaik of authenticity the faith m the doctor's judgment 
Theie is then a skillful art in the balanced use of the placebo 
It is not a means of deception, of fiaud 01 misiepiesentation, 
yet theie can be but a delicate semantic nuance between its 
honest and dishonest use When the placebo is used as a 
technique to disguise oui scientific inadequacy, it is inexcus¬ 
able When diugs with a placebo effect aie endowed with 
supematuial powers to compensate foi oui limitations then 
use is also inexcusable The placebo can never be used to 
absolve the physician fiom the obligation to diffei entiate 
cutically between the physical and emotional needs of the 
patient 

Moial values and then intei pi etation have insinuated them¬ 
selves into the conti oveisy foi and against the use of the 
placebo Lost m this conti oveisy of moiality weie the spe¬ 
cific needs and emotional equipment of the patient that 
dictated then use 

Illness is a thieat to the mtegiity of the patient The 
placebo as a specific foim of theiapy can seive as an addi¬ 
tional tie between the doctoi and the patient The need foi 
all theiapy diminishes in dnect pioportion to the giowing 
stiength of that binding tie Then strengthened lelationship 
stups all theiapy of affectations, piagmatic lies and puipose¬ 
less distortions 
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The ait of theiapy is a discriminating art Factois ap- 
paiently fai lemoved fiom the etiology and diagnosis of 
disease detei mines theiapeutic decisions The art of tieat- 
ment is intimately a pait of the intimacies of the doctoi - 
patient lelationship Diugs, especially the newei antibiotics, 
have become the piopeity of both the doctoi and the patient 
When the sulfonamides and latei the antibiotics weie mtio- 
duced, the-piess laptuiously exalted then supematuial 
poweis These diugs were immediately consideied as mys¬ 
tical thiowbacks, fust because then life-saving action was 
so pooily understood, and second because of then compaiative 
lanty Rarity again became an element exploited by those 
who ascribed to these diugs the title of “wondei ” Then 
physiological action and specific chaiactenstics to defend the 
body agamst the invasion of attacking oigamsms weie lost 
m the excitement of the newness Rathei were the wondei- 
drugs consideied as some magical denvative that had the 
specific power to exorcize all disease Modem medicine 
temporarily leveited to the magical, mystic phase of pie- 
scientific medicine 

The sulfonamides and the antibiotics, by then very title 
of “wondei diugs” weie given an extia mundane auia of 
magic They gracefully took thn place among the many 
drugs about which theie still peisists an inherited feeling of 
mysticism Because the announcement of the discovery of 
the wonder drugs came to the laity at the same time that it 
came to the doctoi s, via pi ess, ladio and television, patients 
seemed to feel that they, too, had as great a propnetaiy light 
of possession of the diugs as did then contempoianes, the 
doctor, patients felt that unless the doctor actually discovered 
penicillin himself, he could not ughtfully consider himself 
any greater expert m its administration than the patient 
himself Fiom then on, so-called qualified experts spiang up 
eveiywheie Recovery fiom any illness and the conect pro¬ 
nunciation of the responsible drug fulfilled the basic require¬ 
ments for admission to the lay society of theiapists Foi a 
long time aftei Fleming discovered penicillin the importance 
of its contribution was oveishadowed by endless discussions 
as to whether it was to be called penicillin 01 penicillin If I 
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lecall conectly, a publication was leleased by a Committee of 
Eight which finally gave the news to the woild, not of the 
gieat action of the diug, but of its collect and piopeily 
authonzed pionunciation, penicillin 

Gleefully and lightfully the patient lubbed his hands in 
delight at the possibility that the physician would slowly 
become extinct Dmnei parties could always^ be lescued 
fiom boiedom b} r a commiseiatmg discussion of the dwindling 
need foi doctois m the community Heie foi the fust time 
was an opportunity to volatilize then stoied mnei lages 
against the doctoi, the golem of all illness The immediate 
disappeaiance of all acute mastoid suigeiy was consideied 
a kindness to mankind, but moie important the fust step in 
the total eiadication of that paiasitic vultuie, the tonsil- 
snatching, septum-slicing butchei of butcheis, the otolaryn¬ 
gologist 

Specialists in all othei fields weie being slowly eliminated, 
too, as the antibiotics weie finding widei and widei use, in 
fact, the only field that seemed safe fiom the onslaught of the 
antibiotics was psychoanalysis, and it is now facetiously 
lumoied that a potent antibiotic is in the making foi coveit 
homosexuality 

Chemotlieiapy and the antibiotics have taken a unique 
position m the important sociological lelationship between the 
doctoi and the patient This position has as gieat a potential 
foi good as it has foi haim The patient now demands and 
suppoits his demands foi a specific diug, at a specific time, 
with a subtle thieat The special weapon, the ace m the hole 
to suppoit his insistence is the “give 01 else law of no letuin ” 
Eithei the doctoi gives the antibiotic 01 the patient tlneatens 
to go somewheie else Many patients have thus levolted 
fiom then pievious position of subservience to enjoy new 
found conti ol ovei the authonty of the doctoi Theie was 
now a lestoiation of the balance of powei which they had so 
leluctantly yielded to then physician If I may be peimitted 
the luxury of a pun, theie is now an “intei my cm intiigue” 
foi the retention of the weapon of dominance 

Though this piessuie may not always altei the mtegnty 
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oi the theiapeutic motivations of the doctoi, it may altei his 
appioach to the tieatment of that paiticulai patient He 
lecognizes that the patient will ultimately obtain the shot of 
wondei diug somewheie, and thus succumbs to the piessuie of 
the patient’s demands Loss of theiapeutic integiity is co¬ 
incidental with the position he forfeits when he becomes a tool 
buffeted by the whim and fancy of medical ignoiance Hav¬ 
ing fallen into the piessuie tiap of the social use of the 
wondei diugs, he finds it difficult to extucate himself and 
is foiced to peipetuate that initial enoi This is the penalty 
foi giving too gieat impoitance to these diugs and mdoctii- 
natmg the patients m then miraculous misconceptions 

The demands foi a lapid cuie has foiced the doctois into 
competition with each othei and with themselves Speed of 
cuie has become the cutical value in the expansive pude of 
possession of the patient foi “then” pediatilcian, “then” ob- 
stetucian, “then” nose and thioat doctoi Speed of lecovery 
always substantiates the magnified enthusiasm that makes 
then doctoi “the chief of the department” 01 “the head of 
the hospital ” To have less than “the chief” is a social dis¬ 
advantage An unimpoitant doctoi and an unimpoitant 
disease can be a social handicap m the caste-like system of 
“illnesses ” New theiapy, even when scientifically uncon- 
fnmed, adds special distinction Patients sometimes vie with 
each othei foi the special pnvilege of being an expenmental 
“guinea pig” foi a new antibiotic Theie is nothing moie 
destiuctive to the vanity of the patient than the doctoi’s 
casual statement that “the disease was lelatively unimpoitant 
and would have gone away by itself ” Recently it became a 
sign of social distinction to have had the fust case of im- 
poited Asian flu m the community 

Antibiotics do not live by “molds" alone The vnus is 
a sly little fellow that has slowly insinuated himself into the 
piactice of medicine as a subveisive chaiactei His position 
is made secuie by those of us who exploit him to pieseive 
the sanctity of oui tiade unionism The vnus is dead, long 
live the vnus Without him oui inadequacies might be show¬ 
ing The vnus flounshes luxunantly on the nutnent medium 
of ignoiance It can always be depended on to extucate us 
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flora any untenable medical position The vnus is a com- 
f01 table lefuge to explain the unexplainable It seems haidly 
fan to use the antibiotics so injudiciously and piomiscuously 
to destioy such a valuable ally These two sociological ele¬ 
ments, the vnus and the antibiotics have joined foices and 
become a potent factoi m oui choice of theiapy Many yeais 
ago the magical powei of the sulfonamides was said to cuie 
the fust vnus I evei eneounteied Tins was a six-day vnus, 
a slow moving, ummpiessive, undistinguished vnus Next 
came the foity-eight houi vnus, cuied dramatically with 
penicillin The cuie was fast, the drug was gieatei, the 
doctoi was the greatest We aie now in the jet propelled 
two-houi vnus phase, cured by “my doctor” with the tuple 
acting wonder drug that contains “god all” Time records 
for cuie have been bioken wrtlr legulanty The cuie now is 
so lapid that the patient baiely has time to complain 

Many truths aie interwoven in this apparent facetiousness 

Physicians and patients have been equally responsible foi 
distorting the delicate balance of then vital relationship 
Patients had been given lemarkably little ciedit foi then 
capacity to understand the complexities of then medical 
problems, but almost mvanably tins appaient lack of under¬ 
standing was based on oui inability to explain, rather than 
on then inability to comprehend The laity is receptive to 
unconfused and undistorted medical information They wel¬ 
come precise explanations of our discriminating decisions foi 
01 against specific use of the sulfonamides and antibiotics 
They now appreciate the disadvantages of the unbiidled use 
of any drug, foi they have learned, usually by sad expenence, 
about the side effects and toxic reactions of these diugs 
They have a new and piofound lespect foi the dangei m the 
promiscuous use of any drug They have come to lealize 
then inadequacy m guiding then own course of theiapy 

Physicians everywheie aie relinquishing then position as 
a diug giving cult They aie revolting against the social 
pressures of the patients who dictate then own antibiotic 
therapies, but with this i evolt comes newel enlightenment 
and recognition that the emotional needs of patients cannot 
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be suppoited by the pioraiscuous use 01 abuse of antibiotic 
thei apy 

Feai and anxiety is a constant m the equation of health 
and illness, the evaluation, theiapy, and piognosis of all 
disease must always include its lecognition Foi theie is 
but one yaidstick and one ciitenon by which we can actually 
measuie the intensity, the seventy and duiation of an illness 
The touchstone that guides us is only the letum of the in¬ 
dividual to complete seiviceabihty and pioductivity Not 
until the individual is totally lehabilitated and letums to 
seive as a functioning part of his home, job and community 
can that individual be considered fiee of his disease The 
cessation of a cough, the leturn of fevei to noimal, the 
noimal sedimentation late 01 electiocaidiogiaphic findings 
aie never the cntical ciitenon of the letuin to health Foi 
many patients who aie ostensibly cuied fail to take then 
place m society because of the devastating feai that the ill¬ 
ness may soon 1 etum It matters little whethei the individual 
is not seiviceable because he has had a heait attack 01 is 
afiaid that he will have one It matteis little if a man can¬ 
not function because he has a caicmoma of the laiynx 01 
lives m constant feai that he will have one The devitaliza¬ 
tion by feai of impending disease can be infinitely gieatei 
than the disease itself Rehabilitation, reestablishment of 
noimal patterns of living aie the only—yes, the only —way 
that we can determine the efficacy of our theiapeutic ap- 
pioach It becomes evident, theiefoie, that no diagnostic 01 
theiapeutic concept of medicine can be divorced fiom an 
understanding of the psychological ovei tones that mvaiiably 
accompany eveiy disease to which the body is hen 

This hairassed woild cames with it newly conceived feais 
that destioy oui complacency The piactice of medicine 
notes with gi owing concern the mciease m the numbei of 
patients who aie ovei whelmed with feai and anxiety, often 
completely out of piopoition to the seventy of then illnesses 
Mmoi, lelatively insignificant disease seems to catapult pa¬ 
tients into an emotional tailspm by the piopulsive foice of 
then unieasonmg feais 
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Foi many, this feai is fai moie destiuctive than disease 
itself Anxiety seems to dominate then behavioi dui mg and 
sometimes long aftei then illnesses Tins anxiety is not 
chaiactenstic of any one sex, age, occupation, social and in¬ 
tellectual level, 01 ethnic, leligious and geogiaphic gioup 
The timid, the stoic, the shy and the stahvait seem to be 
equally affected by an oveilay of feai about the illnesses the> 
have, 01 moie often think they have Theie may be vanations 
of the intensity of the anxiety and the ease with winch it can 
be alleviated, but no one appeals to be completely fiee of it 
Patients, childien, adolescents and adults aie afiaid, just 
afiaid f Then feais as well as then illnesses determine how 
quickly and how well they will be leestablislied m then schools, 
jobs oi homes 

Feai in itself is an illness The feai that we physicians 
obseive m oui offices is actually a communicable disease It 
is not transmitted by geims oi by vnus It is tiansmitted 
by humans to humans, sometimes unwittingly, sometimes m 
enoi, and sometimes puiposefully Foi “Feai” is big busi¬ 
ness, and is often exploited by piopaganda agencies undei 
the guise of public medical education Feai of all disease, 
feai of heart disease, feai of cancel, feai of tubeiculosis, 
feai of arthntis, feai of cataclysmic destruction by atom 
bombs, feai of economic upheaval, and now feai of the con¬ 
sequences of smoking, all become a nevei-ending bombaidment 
against oui mnei secunty We have but to note the penalty 
paid by the public duiing then “education” about tobacco, 
Salk vaccine and Asian flu 

Feai is eveiywheie, it is all-pervasive, slovly, delibeiately 
it seeps mto oui physical, emotional and spmtual fibeis To 
paiaphiase Emeison, feai is a cncle whose cncumfeience is 
everywliei e, and whose centei is nowheie 

Feai is a foice, feai is an illness, it can altei the destiny 
of those who, by concession to this feai, distort then behavioi 
m lesponse to it It can play havoc with caieeis, social at¬ 
tainments, the i elationship between husband and wife, and 
the i elationship between paient and child 

Feai does not “stand up to be counted,” its gieatest potency 
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lies in being hidden Because it cannot be counted, it is not 
adequately chaited m the statistics of the diseases of man, 
even though it lanks as one of the gieatest thieats to emo¬ 
tional and physical health 

Feai, the pioduct of this hained, fienetic Twentieth Cent¬ 
ury is a sociological phenomenon It activates many m then 
demand foi mnaculous theiapy Uncontiolled it destroys 
the lational lelationship between doctois and then patients 
Feai, as a disease and as an element m all disease, is leadily 
communicated Feai flounshes m epidemic foim and slowly 
insinuates itself into every facet of oui civilization, but like 
all other diseases, feai is vulneiable and yields to its own 
mnacle diugs—hope and couiage, psychologic education and 
freedom fiom ignoiance and supeistition These, too, aie 
wondei agents that aie swinging the pendulum back to theia- 
peutic sanity The wide spectium of the use of wondei diugs 
must include judicious undeistanding and cutical theiapeutic 
evaluation Social piessuies and piejudices must not dictate 
medical indications 01 specific choice of the “wondei diugs” 
if they aie to suivive m then rightful position as one of the 
gieatest scientific contilbutions to mankind 

162 East Eightieth Street 



IN MEMORIEM 


Gabriel Tucker, M D 
1881-1958 

Di Gabnel Tuckei, a native of Fairmont, W Va, died at 
his home m Rosemont, Pa, Apiil 18, 1958 

The degiee of Doctoi of Medicine was gianted to Di Tuckei 
by Jeffeison Medical College m 1905, and he piacticed m 
Pittsbuigh and its envnons until joining the Aimy Medical 
Coips m Woild Wai I, m which he seived abioad at Base 
Hospital 126 

Widely known foi his use of the bionchoscope and foi his 
skill in the lemoval of lung cancels, he became Piofessoi 
Ementus of bioncho-esophagology at the Umveisity of Penn¬ 
sylvania Giaduate School of Medicine and woiked m the field 
as an associate of Di Chevaliei Jackson m the fust bioncho- 
scopic clinic at Jeffeison Medical College Two yeais later 
he was named a charter membei of the bioncho-esophageal 
department upon the establishment of this clinic of the 
Pennsylvania Giaduate School of Medicine 

The Gabnel Tuckei Fund foi the department of bioncho- 
esophagology was established m 1949 at the Giaduate School 
by an anonymous gift of $200,000 

Togethei with Di Chevaliei Jackson he conducted the first 
couise m laryngeal suigery m the Euiopean medical schools 

Di Tuckei was a membei of the Ameiiean Academy of 
Ophthalmology and Otolaryngology, fiom which he leceived 
the Honoi Awaid m 1955, he was a past piesident of the 
Ameiiean Laiyngological Association and past secretary and 
chan man of the Section on Laryngology, Rhmology and 
Otology, of the Ameiiean Medical Association, and was a 
Fellow of the Ameiiean College of Suigeons 

Surviving aie his widow, thiee sons and foui grand childien 
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SUBCOMMITTEE ON HEARING IN CHILDREN 


The Amencan Academy of Ophthalmology and Otolaiyn- 
gology, thiough its Subcommittee on Heaung in Childien of 
the Committee on Conseivation of Heaung, has been conduct¬ 
ing a long-teim nationwide study of pioblems 1 elating to the 
conseivation of heaung m childien The specific aims aie to 
develop the most efficient case-finding methods and to use 
these methods in estimating the magnitude of the pioblem in 
the countiy, to study state laws and leview cunent piactices 
and facilities foi lehabilitation of heaung impaued childien, 
to help develop methods foi medical and suigical rehabilita¬ 
tion standaids, and ultimately to use the Subcommittee find¬ 
ings m assisting professional woikeis to impiove and enhance 
piogiams m healing loss 

In the second yeai of operations, a full-time Executive 
Dnectoi has been engaged, and offices established at the 
Giaduate School of Public Health, Univeisity of Pittsbuigh 
An initial study is being conducted m Pittsbuigh to identify 
eaily medical signs and symptoms which may indicate dangei 
of heaung impairment, to measuie the psychological, social 
and othei effects of such impanment and to develop efficient 
and economical methods foi the testing of heaung in childien 
The Pittsburgh study is a cooperative effort among the fol¬ 
lowing The Subcommittee on Heaung in Childien, the 
Giaduate School of Public Health and the School of Medicine 
of the Univeisity of Pittsbuigh, the Pittsbuigh Boaid of 
Public Education, and the Allegheny County Department of 
Health 

The membeis of the Subcommittee on Healing m Childien 
are Di John E Boidley, Baltimoie, Di Victoi Goodhill, 
Los Angeles, Di Holhe E McHugh, Montieal, Di S Rich- 
aid Silveiman, St Louis, and Dr Raymond E Joidan, 
(Chairman) Pittsbuigh An advisoiy committee of consult¬ 
ants fiom the University of Pittsbuigh includes Di Samuel M 
Wishik, Dr Leo G Doerflei, and Di Isidore Altman Giants 
fiom the United States Childien’s Bureau thiough the Penn¬ 
sylvania Department of Health and fiom the National In¬ 
stitutes of Health aie providing financial support 
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REINE HUMBIRD MYERS FELLOWSHIPS IN 
AUDIOLOGY AND HEARING SOCIETY 
ADMINISTRATION 

The Amencan Healing Society and its membei agency, the 
St Paul Heaung Society, announce two Eeme Hunibud Myeis 
Fellowships foi a two-yeai piogiam of giaduate study at 
Northwestern Umveisity, annual stipend $3,000, foi students 
intei ested in a caieei combining the piofessional and execu¬ 
tive lesponsibilities of Heaung Society woik 

Fellowships aie open only to students who aie acceptable 
to the Giaduate School of Northwestern Umveisity, and who 
intend to take key positions m local Heaung Societies upon 
completion of the Fellowship tiainmg m Administrative Pi no¬ 
tices, Agency Pioceduies, Clinical Audiology and Speech 
Pathology 

The piogiam coveis two calendai yeais The sequence of 
study will oidmanly lead to the Mastei of Arts degiee 
Studies include couises m phonetics, basic audiometnc tech¬ 
niques, speechleading, auditory tiammg, and speech develop¬ 
ment, psychology of deafness, community piogiams in audiol¬ 
ogy, hearing aids and then selection, advanced audiometry, 
anatomy of the heaung and speech mechanisms, punciples of 
speech collection, and elective aieas The piogiam also in¬ 
cludes couises in social woik, plus clinical expenence and field 
activities 

The lesouices of the Giaduate School of Northwestern 
Umveisity aie combined with the educational facilities m 
social woik found m the Chicago aiea Special opportunities 
foi piactical expeilence aie available at the Chicago Healing 
Society and m clinics maintained by Noithwestern Umveisity 

Each candidate must submit to the Amencan Heaung 
Society (a) tianscupts of his academic lecoid, (b) a pei- 
sonal statement descubing his background and expiessmg his 
piofessional aims and goals, and (c) names of five lefei- 
ences, including at least one college mstiuctoi and one em¬ 
ployee 01 woik supeivisoi The candidate must also apply 
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foi admission to the Giaduate School of Northwestern Um- 
veisity, and must notify the School of Speech at the Univei- 
sity that he is seeking a Reme Humbnd Myeis Fellowship 


INSTITUTE ON INDUSTRIAL DEAFNESS 

Colby College, Wateiville, Maine, piesents tlie Sixth Annual 
Institute on Industnal Deafness, August 11-20 inclusive 
Please note that the couise has been extended foi thiee days 
m 01 del to include engmeenng foi noise conti ol Its ob¬ 
jective will be to tiam physicians intei ested m tlie pioblem, 
nuises, plant engmeeis and otheis in initiating and conduct¬ 
ing heaung conservation piogiams m noisy mdustnes The 
couise includes basic otology, audiometry, noise measuiement, 
eai piotection and methods of noise conti ol Class is limited 
to appioximately twenty paiticipants 

The fee foi the course is $250 and includes tuition, loom 
and boaid The fust week will constitute a complete course 
foi doctois and nuises, and the leduced fee foi this will be 
$200 Application should be made to Mi William A Macom- 
bei, Colby College, Waterville, Maine 



DIRECTORY OF OTOLARYNGOLOGIC SOCIETIES 

(Secretaries of the various societies are requested to keep this 
information up to date) 


AMERICAN ACADEMY OF OPHTHALMOLOGY AND 
OTOLARYNGOLOGY 

President Dr Erling W Hansen 90 So Ninth St, Minneapolis, Minn . 
Executive Secretary Dr William L Benedict, Mayo Clinic Rochester, 
Mfn n 

Meeting Palmer House Chicago, Ill 


AMERICAN BOARD OF OTOLARYNGOLOGY 
Meeting Palmer House, Chicago, Ill 


AMERICAN BRONCHO-ESOPH AGOLOGICAL ASSOCIATION 

President Dr Walter Hoover, 605 Commonwealth Bldg, Boston, Mass 
Vice-President Dr Walter P Work 384 Post St San Francisco Calif 
Secretary Dr F Johnson Putney, 1719 Rittehhouse Square Philadel 
phia. Pa 

Treasurer Dr Verling K. Hart, 106 W 7th St Charlotte, N C 


AMERICAN LARYNGOLOGICAL ASSOCIATION 

President Dr Harry P Schenk 326 S 19th St, Philadelphia 3, Pa 

Secretary Dr James H. Maxwell, University Hospital Ann Arbor Mich 


AMERICAN LARYNGO LOG l CAL, RH1 NO LOG I CAL AND OTOLOGICAL 

SOCIETY, INC 

President Dr Gordon Hoople 1100 E Genesee St, Syracuse 10 N Y 
President Elect Dr Theo E Walsh 640 So Kingshighway, St Louis 
10 Mo 

Secretary Dr C Stewart Nash 700 Medical Arts Bldg Rochester 7, 
N Y 

Place The Homstead Hot Springs Va_, March, 1959 


AMERICAN MEDICAL ASSOCIATION, 

SECTION ON LARYNGOLOGY, OTOLOGY AND RH1NOLOGY 

Chairman Dr Gordon D Hoople, Syracuse N Y 
Vice-Chairman Dr Kenneth L Craft, Indianapolis, Ind. 

Secretary Dr Hugh A. Kuhn Hammond Ind. 

RepreBentative to Scientific Exhibit Walter Heck, U.D, San Francisco. 

Section Delegate Gordon Harkness, MJ) Davenport, Iowa. 

Alternate Delegate Dean Lierle MJD , Iowa City Iowa. 
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AMERICAN OTOLOGICAL SOCIETY, INC 

President Di Moses Lurie, Boston, Mass 
President Elect Dr R C Martin 

Secretary Dr Lawrence R Boies, University Hospitals, Minneapolis 14, 
Minn 

Place The Homestead, Hot Springs, Va,, 1959 

AMERICAN OTORHINOLOGIC SOCIETY FOR THE ADVANCEMENT 
OF PLASTIC AND RECONSTRUCTIVE SURGERY 

President Dr Joseph Gilbert, 111 E 61st St, New York, N Y 
Vice-President Dr Kenneth Hinderer, 402 Medical Arts Bldg, Pitts¬ 
burgh, Pa. 

Secretary Dr Louis Joel Pelt, 66 Park Ave, New York 16, N Y 
Treasurer Dr Arnold L Caron, 36 Pleasant St, Worchester, Maas 


AMERICAN RHINOLOGIC SOCIETY 

President Dr Russell I Williams, 408 Hynds Bldg, Cheyenne, Wyo 
Secretary Dr Robert M Hansen 1735 No Wheeler Ave , Portland, Ore 
Annual Clinical Session Illinois Masonic Hospital, Chicago, Dl, October, 
1958 

Annual Meeting October, 1958, Chicago, Ill (Definite time and place to 
be announced later) 


AMERICAN SOCIETY OF FACIAL PLASTIC SURGERY 

President Dr Trent W Smith, 327 East State St, Columbus 15 Ohio 
Secretary Dr Samuel M Bloom, 123 East 83 St, New York 28, N Y 
Meeting New Yoik, July 16, 1958 9 December 3, 1958, place to be an 
nounced 

AMERICAN SOCIETY OF OPHTHALMOLOGIC AND 
OTOLARYNGOLOGIC ALLERGY 

President Dr Joseph W Hampsey, Grant Bldg, Pittsburgh 19, Pa. 
Secretary Treasurer Dr Daniel S DeStio, 121 S Highland Ave, Pitts 
burgh 6, Pa. 

Annual Meeting Palmer House, Chicago, Ill October 16 17, 1958 

ASSOClACAO MEDICA DO INSTITUTO PENIDO BURNIER— 

CAMPINAS 

President Dr Lech Junior 

First Secretary Dr Franco do Amaral. 

Second Secretary Dr J M Quelroz Abreu 
Librarian Treasurer Dr Souza Queiroz 

Editors for the Archives of the Society Dr Guedes de Melo Filho, Dr 
Antonio de Almeida and Dr Gabriel PCrto 
Meetings Twice every month, first and third Thursday 8 30 PM 

ASOCIACION DE OTORRINOLARINGOLOGIA 
Y BRONCOESOFAGOLOGIA DE GUATEMALA 

Presidente Dr Julio Quevedo, 15 Calle Orlente No 5 
First Vice-Presidente Dr Hector Cruz, 3a Avenida Sur No 72 
Second Vice-Presidente Dr Jos<5 Luis Escamilla 5a Calle Poniente 
No 48 

Secretarlo-Tesorero Dr Horace Polanco 13 Calle Poniente No 9-D 
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ASOCIAC10N DE OTO RINO LARINGOLOGiA DE BARCELONA, SPAIN 

Preaidente Dr J Abello 

Vice-Presidente Dr Luis Sufie Medan 

Secretario Dr Jorge Perellb, 319 Provenza, Barcelona. 

Vlce-Secretarlo Dr A. Pin art. 

Vocal Dr J M Ferrando 


BALTIMORE NOSE AND THROAT SOCIETY 

Chairman Dr Walter E Loch, 1039 No Calvert St, Baltimore, Maryland 
Secretary-Treasurer Dr Theodore A. Schwartz 

BUENOS AIRES CLUB OTOLARINGOLOGICO 

Preaidente Dr K. Segre 
Vice-Preaidente Dr A. P Belou 
Secretario Dr S A. Aranz. 

Pro-Secretario Dr J M Tato 
Tesorero Dr F Games 
Pro Tesorero Dr J A Bello 

CANADIAN OTOLARYNGOLOGICAL SOCIETY 
SOCIETE CANADIENNE D'OTOLARYNGOLOGIE 

President Dr Robert T Hayes 42 Cobourg St, St John, N B 
Secretary Dr Donald M, McRae 324 Spring Garden Rd Halifax, N S 

CENTRAL ILLINOIS SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr G C Otrich Belleville, I1L 

President Elect Dr Phil R. McGrath Peoria, Ill 

Secretary Treasurer Dr Alfred G Schultz, Jacksonville, Ill 


CHICAGO LARYNGOLOGICAL AND OTOLOGICAL SOCIETY 

President Dr Stanton A Friedberg, 122 So Michigan Ave Chicago 3, 
HL 

Vice-President Dr Maurice Snitman, 408 So 5th Ave. Maywood Ill. 
Secretary-Treasurer Dr Fletcher Austin, 700 No Michigan Ave, Chi¬ 
cago 11 Ill 

Meeting First Monday of each Month October through May 


CHILEAN SOCIETY OF OTOLARYNGOLOGY 

President Dr Enrique G run w aid S 
Vice-President Dr Agustin Estartus 
Secretary Dr Marcos Chaimovich S 
Treasurer Dr Benjamin Kapkan K 
Director Dr Alberto Basterrica A. 

DALLAS ACADEMY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr Ludwig A. Michael 3707 Gaston Ave , Dallas Tex. 
Vice-President Dr Hal W Maxwell 

Secretary Treasurer Dr Edward A Newell, 1511 No Beckley, Dallas 8 
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FEDERACION ARGENTINA, 

DE 30CIEDADES DE OTORRINOLAR1NGOLOGIA 

Secretary of the Interior Prof Dr Atilio Viale del CarriL 
Secretary of Exterior Dr Aldo G- Remorino 
Secretary Treasury Prof Dr Antonio Carrascosa, 
Pro-Secretary of the Interior Prof Dr Carlos P Mercandino 
Pro-Secretary of the Exterior Prof Dr Jaime A del SeL 
Pro Secretary of the Treasury Dr Jorge Zubizarreta, 


FIRST CENTRAL AMERICAN CONGRESS OF 
OTORHINOLARYNGOLOGY 

President Dr Victor M Noubleau, San Salavador 
Secretary-Treasurer Dr Hector R. Silva, Calle Arce No 84, San Salva 
dor, El Salvador, Central America 


FLORIDA SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr Chas C Grace, 145 Ring St, St Augustine, Fla , 
President-Elect Dr Jos W Taylor, 706 Franklin St, Tampa, Fla 
Secretary-Treasurer Dr Carl S McLemore, 1217 Kuhl Ave , Orlando, Fla, 


FOURTH LATIN AMERICAN CONGRESS OF 
OTO RINOLARIN GO LOG IA 

President Dr Dario 

Secretary 

Meeting 


GREATER MIAMI EYE, EAR, NOSE AND THROAT SOCIETY 

President Dr William B Steinman 
President Elect Dr James H Mendel Jr 
Secretary Treasurer Dr H Carlton Howard 

Meeting quarterly (March May, October and December), on tbe second 
Thursday of the month 6 30 PM at Urmey Hotel, Miami 


INTERNATIONAL BRONCHOESOPHAGOLOGICAL SOCIETY 

President Dr Jo Ono, Tokyo, Japan, 

Secretary Dr Chevalier L Jackson, 3401 N Broad St, Phlladephia 40 
Pa,, USA 

Meeting Seventh International Congress of Bronchoesophagology> 
Kyoto, Japan, September, 1958 


KANSAS CITY SOCIETY OF OTOLARYNGOLOGY 
AND OPHTHALMOLOGY 

President Dr Clarence H, Steele 
President Elect Dr Dick H, Underwood 

Secretary Dr James T Robison, 4620 J C Nichols Parkway, Kansas 
City, Mo ^ 

Meeting Third Thursday of November January February and April 
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LOS ANGELES SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr Sol Rome 

Secretary Treasurer Dr Max E Po hl m a n. 

Chairman of Ophthalmology Section Dr Richard Kratz 
Secretary of Ophthalmology Section Dr Carroll A- McCoy 
Chairman of Otolaryngology Section Dr Howard G Gottschalk. 
Secretary of Otolaryngology Section Dr Robert W Godwin. 

Place Los Angeles County Medical Association Bldg, 1925 Wllshire 
Bird , Los Angeles Calif 

Time 6 30 P M last Monday of each month from September to June, 
inclusive—Otolaryngology Section 6 30 first Thursday of each month 
from September to June, inclusive—Ophthalmology Section. 


LOUISIANA MISSISSIPPI OPHTHALMOLOG1CAL 
AND OTOLARYNGOLOGICAL SOCIETY 

President Dr Fred D Hollowell Lamar Life Bldg Jackson, Miss 
Secretary Dr Edle\ H. Jones, 1301 Washington SL Vicksburg Miss 
Meeting Edgewater Gulf Hotel Edgevrater Park, Miss Mnv 15-16 1959 

MEMPHIS SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

Chairman Members serve as chairmen in alphabetical order monthly 
Secretary-Treasurer Dr Roland H Myers, 1720 Exchange Bldg, Mem¬ 
phis, Tenn. 

Assistant Secretary-Treasurer Dr William F Mur rah, Jr, Exchange 
Bldg., Memphis Tenn. 

Meeting Second Tuesday in each month at S 00 pm. at Memphis Eye 
Nose and Throat Hospital. 


MEXICAN ASSOCIATION OF PLASTIC SURGEONS 

President Dr Cesar LaBoide, Mexico, D F 
Vice-President Dr M. Gonzales TJlloa, Mexico, D F 
Secretary Dr Juan De Dios Peza, Mexico D F 


MISSISSIPPI VALLEY MEDICAL SOCIETY 

President Dr Arthur S Bristow, Princeton, Mo 
Secretary Treasurer Dr Harold Swanberg, Quincy, Til . 

Assistant Secretary-Treasurer Dr Jacob E Reisch Springfield I1L 

NETHERLANDS SOCIETY OF OTORHINOLARYNGOLOGY 
(Nederlandsche Keel Neus-Oorheelkundige Vereenlglng ) 

President Dr H. Navis Sonsbeekweg 6 Arnhem. 

Secretary Dr W H. Struben, J J Viottastraat 1 Amsterdam. 
Treasurer Mrs F Velleman Pinto Jac Obrechtstr 66, Amsterdam. 


NORTH CAROLINA EYE, EAR, NOSE AND THROAT SOCIETY 

President Dr J C Peele Kinston Clinic Kinston, N ^ 

Vice-President Dr George E. Bradord, Winston-Salem N C 
Secretary-Treasurer Dr J D Stratton, 1012 Kings Drive. Charlotte 7 

YIeeting 
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NORTH OF ENGLAND OTOLARYNGOLOGICAL SOCIETY 

President Mr G- L Thompson, 16 Ramshill Road, Scarborough, York 
shire 

Vice-President Mr J H Otty, Frizley Old Hall, Frizinghall Road, 
Bradford, Yorkshire 

Secretary and Treasurer Mr R Thomas, 27 High Petergate, York, 
Yorkshire 


OTOSCLEROSIS STUDY GROUP 

President Dr L R Boies, University Hospital Minneapolis, Minn 
Secretary-Treasurer Dr Arthur L. Juers, 611 Brown Bldg, Louisville, 
Ky 

Meeting Palmer House, Chicago, Ill 


PACIFIC COAST OTO-OPHTHALMOLOGICAL SOCIETY 

President H Leroy Goss, M D, 620 Cobb Bldg, Seattle 1, Washington, 
Secretary-Treasurer Homer E Smith, MD, 508 East South Temple, 
Salt Lake City, Utah. 

Meeting 

PAN AMERICAN ASSOCIATION OF OTO-RHINO LARYNGOLOGY 
AND BRONCHO-ESOPHAGOLOGY 
President Dr Jose Gros, Havana, Cuba 

Executive Secretary Dr Chevalier L Jackson, 3401 N Broad St, Phila 
delphia 40, Pa., U S A. 

Meeting Sixth Pan American Congress of Oto Rhino-Laryngology ana 
Broncho-Esophagology 
Time and Place Brazil, 1968 


PHILADELPHIA LARYNGOLOG1CAL SOCIETY 

President Dr Chevalier L Jackson 

Vice-President Dr John J O'Keefe 
Treasurer Dr Joseph P Atkins 

Secretary Dr Louis E Silcox 

Historian Dr Herman B Cohen 

Executive Committee Dr Harry P Schenck, Dr , Benjamin H Shuster, 
Dr William A. Leli, Dr , William J Hitschler 

PITTSBURGH OTOLOGICAL SOCIETY 

President Dr Bernard L Silverblatt, 3500 Fifth Avenue, Pittsburgh, Pa 
Vice-President Dr Emory A Rittenhouse, 203 Masonic Bldg, McKees 
port, Pa 

Secretary Treasurei Dr John T Dickinson Mercy Hospital, Pittsburgh 
19, Pa 


PORTUGUESE OTORHINOLARYNGOLICAL SOCIETY 
President Dr Albert Luis de Mendonea 

Secretary Dr Antonio da Costa Quinta, Avenida, de Liberdale 65, 1* 
Lisbon 


PUGET SOUND ACADEMY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr Clifton E Benson, Bremerton, Wash. 
President-Elect Dr Carl D F Jensen, Seattle Wash 
Secretary Dr Willard F Goff, 1215 Fourth Ave Seattle Wash 
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RESEARCH STUDY CLUB OF LOS ANGELES, INC 

Chairman Dr Orrie E. Ghrist, 210 N Central Ave, Glendale, Calif 
Treasurer Dr Norman Jesberg, 500 So Lucas Ave , Los Angeles 17, Calif 
Otolaryngology Dr Russell M. Decker, 65 N Madison Ave , Pasadena 
1 Calif. 

Ophthalmology Dr Warren A. Wilson, 1930 Wilshire Blvd., Los An¬ 
geles 57, Calif. 

Mid-Winter Clinical Convention annually, the last two weeks in January 
at Los Angeles Calif 

SECTION OF OTOLARYNGOLOGY OF THE MEDICAL SOCIETY 
OF THE DISTRICT OF COLUMBIA. 

Chairman Dr J L. Levine. 

Vice-Chairman Dr Russell Page. 

Secretary Dr James J McFarland 
Treasurer Dr Edward M. O’Brien. 

Meetings are held the second Tuesday of September November, January, 
March and May at 6 30 PAL 
Place Army and Navy Club, Washington, D C 


SCOTTISH OTOLARYNGOLOGICAL SOCIETY 

President E A. M Connal 1 Royal Crescent, Glasgow C 3, Scotland. 
Secretary-Treasurer Dr J F Birrell, 14 Moray Place Edinburgh. 

Assistant Secretary Dr H. D Brown Kelly 11 Sandyford Place Glas 

gow 


SOCIEDAD COLUMBIANA DE OFTALMOLOGIA Y 
OTORRINOLARINGOLOGIA (BOGOTA, COLUMBIA) 

Presidents Dr Alfonso Tribin P 
Secretario Dr Felix E Lozano 
Tesorero Dr Mario Arenas A. 


SOCIEDAD CUBANA DE OTO LARI N GO LOG IA 

President Dr Reinaldo de Villiers 
Vice-President Dr Jorge de CArdenas 
Secretary Dr Pablo Hernandez 


SOCIEDAD DE ESTUDIOS CLINICOS DE LA HABANA. 

Presidents Dr Frank Canos a Lorenzo 
Vice-Presidents Dr Julio Sanguily 
Secretario Dr Juan Portuondo de Castro 
Tesorero Dr Luis Ortega Verdes 

SOCIEDAD DE OTORRINOLARINGOLOGIA ( 

BRONCOESOFAGOSCOPIA DE CORDOBA 

Presidents Dr Aldo Remorino 
Vice-Presidente Dr Luis E Olsen 
Secretario Dr Eugenio Romero Diaz 
Tesorero Dr Juan Manuel Pradales 

VocaleB Dr Osvaldo Su&rez Dr Nondier Asia R.. Dr Jorge BergaUo 
Yofre. 


941 



S0C1EDAD DE OTO-RI NO-LARIN GO LOG I A, 
COLEGIO MEDIO DE EL SALVADOR, SAN SALVADOR, C A 

President Dr Salvador Mixco Pinto 
Secretary Dr Daniel Alfredo Alfaro 
Treasurer Dr Antonio Pineda M 


SOCIEDAD ESPANOLA DE OTORRINOLARINGOLOGIA 

Presidente Dr D Adolfo Hinojar Pons 
Vice-President© Dr D Jose Perez Mateos 
Secretario General Dr D Francisco Mar aft 6 a, 

Tesorero Dr D Ernesto Alonso Ferrer 


SOCIEDAD MEXICANA DE OTORRINOLARINGOLOGIA 
Havre 7—Desp 62 
Mexico 6, D F 

Honorary President Dr Ricardo Tapia y Fern&ndez 
President Dr Maximo Garcia Castafieda 
Secretary Dr Eduardo de la Parra 
Treasurer Dr Guillermo PSrez Vlllasante 
Vocal Dr Rafael Paccblano 


SOCIEDAD NACIONAL DE CIRUGIA OF CUBA 

Presidente Dr Relnaldo de Villers 
Vice-Presidente Dr C6sar Cabrera Calderin. 

Secretario Dr Josd Xirau 
Tesorero Dr Alfredo M Petit 
Vocal Dr Jos6 Gross 
Vocal Dr Pedro Hern&ndez Gonzalo 


SOCIEDAD OTO RlNO-LARINGOLOGIA DE LOS 
HOSP1TALES DE MADRID 

Presidente Dr Don Fernando Beltrftn Castillo 
Secretario General Dr Don Alfonso Vassallo de Mumbert 
Tesorero Dr Don Rafael Garcia Tapia. 


SOCIEDAD VENE20LANA DE OTORRINOLARINGOLOGIA 

Presidente Dr Alfredo Cells Pdrez 
Vice-President© Dr Bustamante Miranda. 

Secretario General Dr Jestls Miralles 
Tesorero Dr M Matheus 

Vocales Dr Perez Velasquez and Dr Wilmer Palacios 

SOCIEDADE DE OFTALMOLOGIA E OTORRINOLARINGOLOGIA DO 
RIO GRANDE DO SUL 

President Dr Paulo Fernando Eateves 
Vice-President Dr Jayme Schilling 
First Secretary Dr Carlos Buede 
Second Secretary Dr MoizSs Sabani 
First Treasurer Dr Israel Schennan 
Second Treasurer Dr Rivadlvia C Meyer 
Librarian Dr Carlos M Carrion 
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SOCIEDAD PANAMENA DE OTORR1NOLARINGOLOGIA 

Presidente Dr Manuel Preciado 

First Vice Presidente Dr Alonso Roy 

Second Vice-Presidente Dr Carlos Arango Carbone 

Secretario Dr Marla Esther Villalaz 

Tesorero Dr Rambn Crespo 

SOCIEDADE PORTUGUESA DE OTORRINOLARINGOLOGIA 

E DE 

BRONCO ESOFAGOLOGIA 

Presidente Dr Alberto Luis De Mendonca. 

Vice-Presidente Dr Jaime de Magalhaes 
L° Secretario Dr Antonio da Costa Quinta. 

2 ° Secretario Dr Alb an o Coelho 

Tesoureiro Dr Jose Antonio de Campos Henriques 

Vogais Dr Teofllo EsquiveL 

Dr Antonio Cancela de Amorim. 

Sede Avenida da Liberdade, 65, 1°, Lisboa 

SOCIETY OF MILITARY OTOLARYNGOLOGISTS 

President Capt William C Livingood USN (MC) 

Secretary Treasurer LL Col Sanley H Bear ALC, 3810th USAF Hos 
pliai, Maxwell APB, Alabama 
Meeting Palmer House, Chicago, XU 

SOUTH CAROLINA SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr James H Gressette, Orangeburg, S C 
Vice-President Dr Robert P Jeanes Easley S C 
Secretary Treasurer Dr Roderick Macdonald, 333 East Main St Rock 
Hill S Car 
Meeting 


SOUTHERN MEDICAL ASSOCIATION, 

SECTION ON OPHTHALMOLOGY AND OTOLARYNGOLOGY 

Chairman Dr V Eugene Holcombe Charleston W Va. 

Chairman Elect Dr G Slaughter Fitz-Hugh CharlottesvUle Va. 
Vice-Chairman Dr George M Haik, New Orleans, La. 

Secretary Dr Mercer G Lynch New Orleans, La. 

VIRGINIA SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr Benjamin Sheppard 301 Medical Arts Building, Rich¬ 
mond, Virginia. 

President Elect Dr Emanuel U Wallerstein, Professional Building 
Richmond Virginia 

Vice-President Dr Calvin T Burton, Medical Arts Building Roanoke 
Virginia 

Secretary-Treasurer Dr Maynard P Smith, 600 Professional Building 
Richmond Virginia. 

Meeting 


WEST VIRGINIA ACADEMY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr James XL Stewart Wheeling, W Va. 
Secretary-Treasurer Dr Frederick C Reel Charleston W Va. 
Annual Meeting 
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NOTICE TO CONTRIBUTORS 

The Laryngoscope reserves the light of exclusive publication 
of all articles submitted This does not preclude their publication 
m Transactions of various Societies 

Manuscripts should be typewritten, double spaced, on one side 
of paper only and with sufficient margins to allow for corrections 

Author’s name and city should appear directly under title on 
first page, street address at end of article 

All prints or photographs to be submitted in black and white, 
m good sharp contrast Good halftones depend upon clear photo¬ 
graphs Line drawings for zincs to be in black and white Colored 
inks or red or blue quadrille rulings will not reproduce 

Refeiences should be complete author’s surname, initials, 
title of article, Journal, volume, page, month, year 

Six illustrations will be furnished for each article without cost 
to author Authors will please limit illustrations to six or assume 
the expense of additional illustrations 

Proofs will be submitted to authors for corrections If these 
are not returned, articles will be published as corrected in this 
office 

Repimts will be furnished at the following prices 

WITHOUT COVER 


Four Pages 
Bight Pages 
Twelve Pages 
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Twenty Pages 
Twenty four Pages 
Twenty-eight Pages 
Thirty two Pages 
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Copies 

500 
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129 -50 
150 00 
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180 00 



WITH COVER 
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94 00 
106 75 
115 50 
133 00 


$ 46 50 
66 25 
84 25 
102 25 
119 75 
136 00 
146 75 
163 25 
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89 25 
117 00 
129 50 
160 25 
180 75 
193 00 
210 75 


$ 88 75 
127 25 
175 75 
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231 50 
261 50 
277 75 
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THE INSTITUTIONS OFFERING EIGHT-NINE MONTHS’ 
COURSE IN BASIC SCIENCE IN OTOLARYNGOLOGY 

LEADING TO 

CERTIFICATION AND HIGHER DEGREES* 


COLLEGE OF MEDICAL EVANGELISTS 

Graduate School of Medicine 
Boyle and Michigan Avenue 
Los Angeles 33, California 


HARVARD MEDICAL SCHOOL 

25 Shattock Street 
Boston 15, Massachusetts 
at Harvard Medical School and 
Manchester Eye and Ear Infirmary 


NORTHWESTERN UNIVERSITY SCHOOL OF MEDICINE 

Evanston, Illinois 


UNIVERSITY OF ILLINOIS COLLEGE OF MEDICINE 

1853 West Polk Street 
Chicago 12, Illinois 


UNIVERSITY OF PENNSYLVANIA 

Graduate School of Medicine 
36th and Pine Streets 
Philadelphia, Pennsylvania 


WASHINGTON UNIVERSITY SCHOOL OF MEDICINE 

Euclid Avenue and Kingahlghway 
St. Louis 10, Missouri 


TULANE MEDICAL SCHOOL 

1430 Tulane Avenue 
New Orleans 12, Louisiana 
at Tulane Medical School and 
Eye, Ear, Nose and Throat Hospital 


NEW YORK UNIVERSITY 

Bellevue Medical Center 
Post-Graduate Medical School 
477 First Avenue 
New York 16, New York 

Basic Sciences In Otolaryngology 
September through June 


•Our subscribers are asked to send us information on other institutions 
giving such courses 
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STAPES OPERABILITY 

Pathological Indications for Mobilization and 
Fenestration Surgery 

J Brown Farrior, M D, 

Tampa, Fla 


In lecent yeais we, as otologists, have learned many tech¬ 
niques for mobilization of the stapes in otoscleiotic deafness 
Thiough one technique 01 anothei, it is now possible to mobi¬ 
lize a veiy high percentage of stapes Even aftei complete 
mobilization many of these will show a piompt lecurience of 
the deafness, because the pathological involvement was beyond 
the limits of stapes suigeiy As otologists we must learn not 
only the new techniques, but also then pathological limita¬ 
tions 


Initially the technique of the stapes mobilization opeiation 
was mdnect, that is, all piessuies weie applied to 01 thiough 
the head and neck of the stapes With this basic indirect 
technique, piunary heaung improvement was obtained in 
about one-thnd of the cases, and when mobilization was 
technically complete, a high peicentage of these maintained 
the hearmg impiovenient With this mdnect appioach, we 
weie mobilizing only those cases with limited pathological 
involvement, and these pathologically favoiable cases tended 
to maintain then heaung impiovement 


•Presented at the meeting- of the Southern 
gologlcal Rhinological and Otological Societj 


Section of American Larj n- 
Inc Memphis Tenn Jan 25 


tFrom Southern Foundation of Better Hearing- Tampa Fla. 
ac?e d p\^°r f o^Ul^t 1 on^e U b 3C ^S r 9 | C s eUed '» The ^yngoacope <>«lce and 
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FARRIOR STAPES OPERABILITY 


JToday the mduect approach is laigely leplaced by.a.dnect 
-Siugical attack upon the footplate and the disease piocess 
itself Now the peicentage of pumaiy lesults has almost 
tiebled, and is_no longerjlimited by the stiength of the ciuia, 
i^ is JimitecLonly,. by_the boldness of the suigeon and a few 
completely mopexable stapes With chisel~piclfs and dulls, 
the enthusiastic suigeon can tempoianly ^mobilize :most all 
stapes The^piimaiy lesults have mcieased, but the inci¬ 
dence of le-fixation has also multiplied witlr.this.dnect-at¬ 
tack on the extensively diseased stapes 

If we aie to continue to attack these extensively diseased 
stapes and leduce the incidence of le-fixation, we must pio- 
ceed with excavation _pf the footplate and the^apphcatiornof 
piosthetic ciuia (Shea 1 ), oi we. must declaie moie stapes 
mopeiable Extensive oval window suigeiy may piove to 
Be woith whiled and"is woithy of investigation It may piove 
to be applicable m ceitam types of pathological involvement, 
but theie will lemain specific pathological limitations 

As we appioach the pathological limitations of stapes sui¬ 
geiy (mduect, dnect, 01 oval window) we amve at the 
pathological indications foi the fenestiation opeiation The 
fenestration opeiation has leceived a wide vanety of leputa- 
tions By the eaily 1950s it had leached a standaid of pei- 
fection that pioduced a veiy high peicentage of giateful and 
happy patients, a percentage gieatei than the eai suigeiy of 
1957, howevei, some still judge the fenestiation opeiation 
by its leputation of the eaily 1940s and legald it only as 
suigeiy of the last lesort The fenestiation opeiation is a 
highly reliable and accuiately piedictable opeiation, it ie- 
mams the mastei suigical piocedui e which w ill lestoie woith- 
while and lasting heaimg impiovement m a high peicentage 
of suitable.cases which aie beyond the pathological limits of 
stapes and oval window suigeiy 

The thesis of this study is that theie aie specific patholog¬ 
ical indications foi stapes suigeiy and specific pathological 
indications foi fenestiation suigeiy, also, that in stapes 
suigeiy theie aie specific pathological indications foi the 
vanations of the mduect and dnect suigical appioach To 
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date otologists have used the chance appioach to stapes sui- 
geiy with the attitude of tiy, and tiy again, and some have 
tended to exclude the fenestiation opeiation until the stapes 
mobilization has failed, and failed again Although we can 
nevei diaw fine lines of diffeientiation on the opei ability of 
the stapes, it is my hope that an appieciation of the tiemend- 
ous vaiiations m the pathology of the stapes will lead to an 
undei standing of the bioadei classifications of the favoiable, 
unfavoiable and mopeiable stapes 

A stapes is called favoiable when the anatomy and pathol¬ 
ogy lend themselves to stapes suigeiy, and when the piognosis 
foi maintained mobilization and heaimg impiovement is good 

A stapes is unfavoiable when it can be mobilized but the 
pathology* indicates that the piognosis is guaided A stapes 
is mopeiable when pathologically it cannot be mobilized 01 , 
if mobilized, lefixation is almost ceitam The classification 
is a suigical opinion of the existing anatomy and pathology, 
and is not dependent upon technical success 01 failuie 

At the meeting of the Amencan Academy of Ophthalmology 
and Otolaryngology m Octobei, 1957,1 piesented pieliminaiy 
opinions and classifications of the anatomy and pathology 
of the stapes and then effect upon the opei ability of the 
stapes We aie on the thieshold of defining the opei ability 
of the stapes, based upon the anatomical variations and the 
type of pathological involvement This woik is heie lepub- 
lished with collections, lllustiations, additions and elaboia- 
tions (Fan 101 2a and b) 

STAPES OPERABILITY 

The opei ability of the stapes is dependent upon the type 
of anatomical development and the pathological involvement 
Anatomically the f ootplate of the stapes may be superficial 
oi m a vgiy deep ni che The fust is most favoiable foi 
mobilization suigeiy, yhile with the deeply placed footplate 
the cruia tend to become involved in the otoscleiotic piocess, 
making the stapes eitliei unfavoiable oi mopeiable foi mobili¬ 
zation suigeiy 
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Pathologically the otoscleiosis may involve only the antenoi 
edge of the footplate, 01 it may involve vaiymg degiees of 
the footplate, ciuia, 01 even the head and neck of the stapes 
The simple footplate involvement is veiy favoiable foi mobili¬ 
zation suigery, while the complete otosclerotic involvement 
is mopeiable, and is a positive indication for the fenestiation 
opeiation 


CHART i 

Anatomically variations In the depth of the footplate and angulation of 


the crura alter the operability of the stapes (see Figs 1, 2 3) A super 
flcial footplate with upright cruia is the most favorable anatomical de¬ 
velopment for mobilization suigery 

A*—Depth of the Footplate of Stapes 

Operability (Prognosis) 

1 Superficial _ 

2 Moderately superficial 

3 Moderately deep 

4 Deep - 

_ Favorable 

Less Favorable 
Unfavorable 
Unfavorable 

B—Angulation of Crura 

Operability (Prognosis) 

1 Upright 

2 Downward tilt (free) 

3 Downward tilt (fixed) 

4 Upward tilt 

Most Favorable 
Less Favorable 

_Unfavorable 

Less Favorable 

C—Strength of Crura 

Operability (Prognosis) 

1 Weak Crura 

2 Medium Crura_ 

3 Strong Crura 

4 Atrophic Crura „ 

_ Vulnerable 

Mod Vulnerable 
_ Invulnerable 

_Inoperable Footplate 


The puipose of this presentation is to demonstiate the 
varying anatomy and pathology of the stapes and, m so doing, 
to define the operability of the stapes 

ANATOMICAL VARIABLES 

The position of the footplate may altei the opei ability of 
the stapes (see Chart I) 

If the footplate of the stapes is veiy superficially placed, 
the otoscleiotic involvement will usually be thm, and theie is 
no anatomical tendency foi the otosclerosis to involve the 
cruia (see Fig 1) If, on the other hand, the footplate of 
the stapes is m a deep niche, the ciura tend to become tilted 
downwaid and thus easily contact the mfenoi lip of the 




Fie 1 Anatomicall} when the footplate of the stapes Is superficial)} 
placed and the crura are upright the otosclerosis tends to remain localized 
to the le\el of the footplate This figure illustrates a superficial!} placed 
footplate ^\ith upright crura and a small focus of circumscribed anterior 
footplate otosclerosis (see Chart I) For stapes surger> this Is the moat 
fa\orable anatomical de\elopment and pathological in\ol\emenh 


oval window This piedisposes towaid otoscleiotic involve¬ 
ment of one oi both ciuia (see Pig 2), oi complete otosclei¬ 
otic filling of the oval window niche With a deep footplate, 
the ciuia will occasionally tilt upward to contact the Fallopian 
canal (see Fig 3) As the pathology pi ogi esses the opeia- 
bility becomes unfavoiable to mopeiable 

The stiength of the eiura does not gieatly altei the opeia- 
bility of the stapes with the dnect suigical attack upon the 
footplate Tiue, if the ciuia aie weak oi fliable this pie¬ 
disposes toward then fracture, but too much piessuie on the 
crura is a suigical enoi rathei than the cause of inoperability 
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Fig- 2 Anatomically when the footplate of the stapes Is deeply P la ^ 
In the oval window niche the crura tend to tilt downward and contact tn 
Inferior lip of the oval window niche This contact predisposes 
otosclerotic fixation of the crura and such crural otosclerosis alters tne 
operability of the stapes (See Chart I) As re-fKatlon Is p y omP n f 
bi-crural otosclerosis Is pathologically beyond the operable limits 01 
manipulative operations on the total stapes 


Atrophy of the cruia is generally associated with complete 
footplate otoscleiosis which is m itself inoperable Tians- 
lucent led crura aie the most friable while white ciuia will 
withstand the gieatest amount of manipulation As otheis 
may wish to include a classification of eruial stiength, this 
is included m Chart I 


PATHOLOGICAL VARIABLES 
I LOCATION OF OTOSCLEROSIS 

The location and chaiactei of the otoscleiosis gieatly alteis 
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CHART II—PATHOLOGICAL VARIABLES 

The location and extent of the otosclerosis are the most important 
single factors in determining the operability of the stapes Originally 
I believed that the per cent of involvement of the footplate vras the most 
important factor At the present time I believe that the thickness of the 
otosclerosis and involvement of the crura have the greatest effect on 

opera bility _ 

A. -Location of Otosclerosis _ Operability 

I Type of Otosclerosis 

1 Circumscribed __ ____ Favorable (see Fig 6c) 

2 Diffuse___- _-Unfavorable (see Fig 6d) 

II Footplate Otosclerosis (Fig 4a b c d) 

1 None_ ___ __Favorable 

2 Anterior Footplate __ _ — --— - Favorable 

3 Posterior Footplate_ Favorable 

4 Superior Marginal _ __- — _Unfavorable 

5 Inferior Marginal_ Unfavorable 

6 1/4 Footplate Involved _ _ - Favorable 

7 2/4 Footplate Involved_ _ — Less Favorable 

S 3/4 Footplate Involved _Unfavorable (Thick) 

9 Complete Footplate (thin) _Favorable (thin) (see Fig 6a) 

10 Complete Footplate (thick)_Inoperable (thick) (see Fig 6b) 

III Crural Otoscleiosis (see Fig 5a b c d) 

1 A one_— ___-_ - -_Favorable 

2 Anterior Crus —_ _ ____-.-Favorable 

3 Posterior Crus _ Unfavorable 

4 Bicrural Anterior and Posterior Crura — - Inoperable 

5 Apical---- __ _Inoperable 

6 Cervical___-__Inoperable 

IV Round Window Otosclerosis 

1 Xo Otosclerosis ______ „ ___Favorable 

2 Marginal Without Closure __ _ - Favorable 

3 Partial Closure_ Unfavorable 

4 Complete Closure__Inoperable for Either Mobilization 

or Fenestration 


the opeiability of the stapes (see Chait II) Otoscleiosis, 
which alteis opei ability, may involve the footplate of the 
stapes, the ciuia of the stapes, the neck of the stapes or the 
lound window 

The t wo basic types of otoscleiosis aie cncumsenbed a nd 
diffuse—Fowlei 3 Cncumsenbed otoscleiosis is in general 
the type which lesponds best to mobilization suigery, pio- 
vidmg the location and anatomy aie favoiable Stapes sur- 
geiy is laiely of lasting value in diffuse otosclerosis which 
extends ovei the entile piomontory Eventually we may 
leam that cncumsenbed and diffuse otosclerosis aie separate 
diseases 
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Pig 3 Anatomically when the footplate of tho stapua la deeply P* aL ^ 
In the o\al window niche tho ciura will sometimes tilt upward to c0nta ^_ 
the fallopian canal TlUa contact predisposes toward otosclerosis or pos ~ 
mobilization scar fixation between the crura and tho fallopian canal 
Chart I) 


Fiom clinical expenence, it seems that cncumsciibed an- 
tenoi footplate otoscleiosis is most favoiable foi mobilization 
suigery (see Fig 4a) Postenoi footplate otoscleiosis is 
equally favoiable, but occuis less fiequently (see Fig 4b) 
Supenoi maigmal (see Fig 4c), and infeiioi marginal (see 
Fig 4d), aie less favoiable, foi they tend to involve the sides 
of the ciuia The degiee of involvement of the footplate is 
significant, and its influence upon opeiability is intimately 
associated with the thickness of the otoscleiosis and ciuzal 
involvements Complete otoscleiosis of the footplate may 
still be opeiable as long as the annulus of the footplate ie- 
mams well defined and theie is no ciuial involvement, this 
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a 


b 



c d 

Fig: 5 Crural otosclerosis Crural involvement by the otosclerotlc 
process greatly alters the operability of the stapes Anterior crural (see 
Fig 5a) otosclerosis is frequent and is an indication for anterior crurotomj 
and posterior footplate mobilization Posterior crural (see Fig 5b) oto¬ 
sclerosis has not been found as an isolated entity Bl-crural otosclerosis 
is found with some frequency and is associated with inferior marginal 
(3ee Fig- 6c) or superior marginal (see Fig 5d) otosclerosis in a deeplj 
placed footplate 


ical entity, but if it does, I should considei a postenoi- 
cruiotomy 

Bi-ciuial otoscleiosis has occurred m numerous instances, 
most fiequently with mfeiioi maigmal otosclerosis (see Fig 
5c), and occasionally m supenor maigmal otoscleiosis (see 
Fig 5d) In each instance theie has been 1 e-fixation of the 
stapes aftei successful complete mobilization It is my 
piesent opinion that bi-ci uial otoscle rosis is beyond the limits 
of pi esent day mobilization surgery, and m the suitable candi¬ 
date is a cleai-cut indication foi the fenestration opeiation 
In some instances the otoscleiotic fixation has extended up 
the ciuia to involve the apex of the two ciuia and the neck 
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a 


b 



c a 

Fig 1 6 Character of otosclerosis. The thickness and the color (vas¬ 
cularity ) of the otosclerosis alter the operability of the stapes Complete 
footplate otosclerosis ma) still be operable when thin the annulus is well 
defined and the crura are not involved (see Fig ba) however when the 
otosclerosis of the complete footplate and oAal window niche becomes 
thick enough to obliterate the annulus (see Fig 6b) of the footplate the 
stapes is then inoperable. 

Circumscribed white a\ ascular otosclerosis (see Fig 6c) is most favor¬ 
able for stapes surgery while diffuse red vascular otosclerosis (see Fig 
6d) will usually re-flx. even after complete mobilization. 


of the stapes Such apical and cervical otosclerosis aie be¬ 
yond the limits of piesent day' mobilization suigery 

Bi-ciuial otoscleiosis, with an aiea of normal 01 neatly 
normal footplate, may piove to be the type of pathology that 
will lespond to mobilization 01 excavation of the footplate 
with oi without leplacmg the crura (le-cruial 01 de-cruial) 

Complete otosclei otic closure of the lound window is a 
confla-mdication to mobilization 01 fenesti ation suigery 
With a paitial 01 almost complete closure of the lound win- 
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dow the patient can still obtain maximum benefits fiom 
suigeiy, howevei, the long teim prognosis is not favoiable 
Round window closure has occuired independent of stapes 
fixation, howevei, in most instances theie is associated un- 
favoiable 01 mopeiable pathology of the stapes (diffuse 
otoscleiosis, see Fig 6 d) 


CHART III—PATHOLOGICAL VARIABLES 

The otosclerosis may be thin or thick, white or led, depending upon 
the activity and vascularity Circumscribed thin white otosclerosis of 
the anteiioi footplate is most favorable for stapes suigeiy, while diffuse 
thick red vascular otoscleiosis is Inoperable __ 


Character of Otosclerosis 


Opcrabilitv 

Y Thickness of Otoscleiosis of Stapes and Oval 

Window (see Fig 6a and b) 

1 Veiy Thin 

2 Thin 

3 Moderately Thick 

4 Thick 


Favorable 
Favorable 
Unfavorable 
_ Inoperable 

VI Coloi of Otoscleiosis (see Fig 

6c and d) 


1 White 

2 Nearly White 

3 Pink _ 

4 Red 

“ 

Favoiable 

Favorable 

Unfavorable 

Inoperable 


V Thickness of Oval Window Otosclerosis of the Stapes 

The thickness of the otosclerosis alteis the opei ability of 
the stapes (see Charts III-V) Thin cucumscubed otosclei¬ 
osis is most favorable foi mobilization surgeiy, while thick 
diffuse otoscleiosis is the most unfavorable As pieviously 
stated, as long as the maigin of the annulus of the footplate 
is not obhteiated by the disease and the ciuia aie fiee, the 
opeiabihty is leasonably favorable (see Fig 6 a), howevei, 
when the otoscleiosis thickens to obliterate the annulus 01 
fill the oval window, the stapes becomes mopeiable (see Fig 
6 b) This is most fiequent in diffuse otoscleiosis In such 
cases, theie is no need to jeopaidize mnei eai function with 
excessive footplate suigeiy when the existing pathology is 
beyond the limits of stapes suigeiy, piesent oi futuie 

VI Coloi of Otoscle ) osis 

The opeiabihty of the stapes vanes with the coloi of the 
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otoscleiosis (see Charts III-VI) White (avasculai) otosclei- 
osis_(see Fig 6c) is most fa voiable foi lasting lesults in 
mobiliz atio n su igery^_while^ m led (vasculai) otoscleiosis 
(see Fig 6d) mobilization can be accomplished, but theie is 
almost uni form 1 e-fixation The vasculailty and opei ability 
may vaiy fiom white, to off-white, to pink, to led Again, 
if on a pathological basis the piognosis is most unfavoiable, 
it is absuid to persist m an opeiation wheie at best theie 
will be a tiansient impiovement, and where excessive suigery 
might lesult m cochleai damage 

THE AUDIOGRAM AND THE LOCATION OP THE OTOSCLEROSIS 

Worthy of note is the effect of otoscleiotic involvement 
upon the audiogram 

Antenoi footplate and antenoi ciuial otosclerosis tend to 
present, a flat or ascending an conduction„audiogram„with 
^nearly normal bone conduction As^thertixation, of the foot- 
plate piogi esses~ ~the~^Cafhart 5 notch develops It has long 
been taught that loss of high tones indicates complete foot¬ 
plate fixation Lhave seen a number of casesAvrth flataudio- 
giams and complete footplate fixation, but the flat audio- 
giam peisistsjmTy as long as good stiong fiee crura are 
transmitting vibiations to the fixed footplate When the 
sides of both cruia become fixed, and they aie no longei 
capable of tiansmittmg to the footplate, then there is loss of 
the high tones (2,000, 4,000 and 8,000), and piogiession of 
the Car halt notch, with jjinunutioireof the an bone gap at 
2,000 This has occuired when ciuial fixation was associated 
'with complete footplate fixation, but, of greatei significance 
is the fact that this has occuired, in combined maigmal and 
bi-ciural otosclerosis when the opposite half of the footplate 
was a perfectly normal translucent blue, that is, incomplete 
footplate fixation but complete loss of ciuial transmission 
Subject to subsequent statistical study, it is my piesent clin¬ 
ical opinion that the audiogram tends to remain flat and 
speech discrimination good as long as stiong fiee cruia aie 
transmitting vibiations to the footplate, even though the 
footplate itself is completely fixed 



958 


FARRIOR STAPES OPERABILITY 


dow the patient can still obtain maximum benefits fiom 
suigery, howevei, the long teim piognosis is not favoiable 
Round window closuie has occuned independent of stapes 
fixation, howevei, m most instances theie is associated un- 
favoiable 01 inopeiable pathology of the stapes (diffuse 
otoscleiosis, see Fig 6d) 


CHART III—PATHOLOGICAL VARIABLES 

The otoscleiosis may be thin or thick, white or red, depending upor 
the activity and vascuiaiit> Ciieumscribed thin white otoscleiosis o! 
the anteiioi footplate is most favoiable foi stapes suigery, while diffuse 


thick led vascular otoscleiosis is inopeiable 

Character of Otosclerosis 

Opcrabilitv 

V Thickness of Otoscleiosis of Stapes and Oval 

Window (see Fig 6a and b) 

1 Veiy Thin 

2 Thin 

3 Modelately Thick 

4 Thick 

Favorable 
Favorable 
„ Unfavorable 
Inoperable 

VI Color of Otoscleiosis (see Fig 6c and d) 


1 White 

2 Nearly White 

3 Pink „ 

4 Red „ _ 

Favoiable 

Favoiable 

Unfavorable 

Inoperable 


V Thickness of Oval Window Otosclerosis of the Stapes 

The thickness of the otoscleiosis alteis the opeiability of 
the stapes (see Charts III-V) Thin cncumsciibed otosclei¬ 
osis is most favorable foi mobilization surgery, while thick 
diffuse otoscleiosis is the most unfavoiable As pieviously 
stated, as long as the maigm of the annulus of the footplate 
is not obhteiated by the disease and the cruia aie fiee, the 
opeiabihty is leasonably favorable (see Fig 6a) , howevei, 
when the otosclerosis thickens to obliteiate the annulus 01 
fill the oval window, the stapes becomes inopeiable (see Fig 
6b) This is most fiequent in diffuse otoscleiosis In such 
cases, theie is no need to jeopaidize inner eai function with 
excessive footplate suigeiy when the existing pathology is 
beyond the limits of stapes suigeiy, piesent oi futuie 

VI Coloi of Otosclerosis 

The opeiabihty of the stapes vanes with the coloi of the 


FARRIOR STAPES OPERABILITY 


959 


otosclerosis (see Charts III-VI) White (avasculai) Qtosclei- 
osis_(see Fig 6c) is most favorab le foi lasting lesults in 

mobihzation suigerv_while, in led (vascular) otoscleiosis 

(see Fig 6d) mobilization can be accomplished, but theie is 
^almost unif orm 1 e-fixation The vascularity and opeiability 
may vaiy from white, to off-wlnte, to pink, to led Again, 
if on a pathological basis the piognosis is most unfavorable, 
it is absurd to persist in an operation where at best theie 
will be a transient improvement, and wheie excessive suigery 
might result m cochleai damage 

THE AUDIOGRAM AND THE LOCATION OF THE OTOSCLEROSIS 

Worthy of note is the effect of otoscleiotic mvolvement 
upon the audiogiam 

Antenoi footplate and antenoi crural otosclerosis tend to 
piesent a flat 01 ascending air conduction^audiogram with 
^neaily normal bone conduction As_theJIixatiorL of! the foot- 
plate p rogre sses The~ Carhail 5 notch develops It has long 
been taught that loss of high tones indicates complete foot¬ 
plate fixation Lhave seen a numbei of cases-with flat audio- 
grams and complete footplate fixation, but the flat audio- 
giam persists ^ordy as long as good strong free crura are 
transmitting vibrations^ to the fixed footplate When the 
sides of both crura become fixed, and they are no longei 
capable of transmitting to the footplate, then there is loss of 
the high tones (2,000, 4,000 and 8,000), and progiession of 
the Caihart notch, with _duninutiQiL_of_the air bone gap at 
2,000 This has occurred when crural fixation was associated 
with complete footplate fixation, but, of greatei significance 
is the fact that this has occurred, in combined maigmal and 
bi-ciural otosclerosis when the opposite half of the footplate 
was a perfectly normal translucent blue, that is, incomplete 
footplate fixation but complete loss of cruial transmission 
Subject to subsequent statistical study, it is my piesent clin¬ 
ical opimon that the audiogram tends to lemam flat and 
speech discrimination good as long as strong fiee crura are 
transmitting vibrations to the footplate, even though the 
footplate itself is completely fixed 
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This association of the type of otoscleiotic involvement and 
the high tone loss does not apply to an independent nerve 
deafness—Famoi 6 Foi example, when theie is an independ¬ 
ent neive loss foi the high tones fiom one cause (acoustic 
tiauma, piesbycusis, etc), and the patient has otoscleiosis, 
causing the loss of low tones, the association of high tone loss 
with piogiession is not tiue This type of independent high 
tone loss does not indicate alteiation in the operability of the 
stapes 


CHART rv —MISCELLANEOUS PATHOLOGY 

Stapes singer* has revealed a never ending list of miscellaneous lesions 
which will produce or complicate an otosclerotic type of deafness This 
classification is presented for the accumulation of sta tistical data 

VII—Mucous Membrane Webs 
VIII —Fibrous Adhesions 
DC—Abnormalities of Footplate 
X.—Abnormalities of Anterior Crus 
XI —Abnormalities of Posterior Ci us 
XII—Abnormalities of Stapedius 

XIII —Abnormalities of Incus 

XIV —Abnormalities of Malleus 
XV —Systemic Diseases 


The cases of combined oval and lound window closuie have 
been seveiely deaf, and audiometncally have shown only a 
little lesidual air conduction and bone conduction foi the 
lowei tone fiequencies, howevei, such an audiogram does not 
always indicate round window closuie 

MISCELLANEOUS PATHOLOGY 

By clinical observation under the opeiatmg micioscope we 
aie discovering a nevei ending list of miscellaneous lesions 
(see Chait IV), which will simulate the otoscleiotic type of 
deafness 01 will altei the opeiability of the stapes In the 
past oui knowledge of the variables of otoscleiosis has been 
limited to a lelatively small numbei of autopsy specimens— 
Fowlei, 3 Ruedi,' Guild, 8010 Eggston and Wolfe, 11 Lindsey, 13 
and otheis Today, with the opeiatmg micioscope, and pho¬ 
tographic slides of the surgical pathology, the opportunity to 
learn about the pathology and audiology of otoscleiosis is 
gieatly inci eased 
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As otologists leam the detail of the pathology of otosclerosis 
we add to this nevei ending list of miscellaneous pathological 
entities and leam the significance of minute variations m 
middle eai anatomy and pathology Mucous membiane webs 
ovei and aiound the stapes aie a fiequent occunence, and do 
not gieatly altei the opei ability of the stapes I used to 
destroy these mucous membiane webs to obtain greater 
visibility of the stapes, howevei, I believe this results m 
gieatei post-opeiative seal foimation, and at piesent prefer 
to opeiate thiough or aiound these webs Dense seal tissue 
does alter the opei ability of the stapes, the opei ability vary¬ 
ing with the amount and location of the seal tissue, where 

CHART V —PATHOLOGICAL COMBINATIONS 

The operability of the stapes is determined by the combination of the 
anatomical and pathological variables The following are in general the 
order of frequency of these combinations 

1 Anterior footplate, 

2 Anterior footplate anterior crural 

3 Anterior footplate anterior crural inferior marginal 

4 Anterior footplate anterior crural inferior marginal posterior crural 

5 Anterior footplate anterior crural, superior marginal 

6 Anterior footplate anterior crural superior marginal, posterior 
crural. 

7 Complete footplate thin 

8 Complete footplate thick. 


possible, I lemove oi shunt these fibious adhesions, but be¬ 
lieve that adhesions tend to recur as they do elsewheie m the 
body 

Schuknecht has reported a case of fixation of the stape¬ 
dius tendon Odess leports a case of malleable incus All of 
us have seen fixed ossicles in congenital deformities, infec¬ 
tions and in arthutis I have one case with laige blue foot¬ 
plate with appaient congenital absence of the annulus of the 
footplate Tins list of miscellaneous pathology will nevei be 
complete, and all oddities should be leported The list of 
miscellaneous pathology is presented as a basic classification, 
to which unusual cases can be added 


ACCURATE DIAGNOSIS AND CLASSIFICATION 

Any statistical leportmg of results of mobilization surgery 
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This association of the type of otoscleiotic involvement and 
the high tone loss does not apply to an independent nerve 
deafness—Fainoi 6 Foi example, when there is an independ¬ 
ent neive loss foi the high tones fiom one cause (acoustic 
tiauma, piesbycusis, etc), and the patient has otoscleiosis, 
causing the loss of low tones, the association of high tone loss 
with piogiession is not tiue This type of independent high 
tone loss does not indicate alteiation m the opeiability of the 
stapes 


CHART IV—MISCELLANEOUS PATHOLOGY 

Stapes surgerj has revealed a never ending list of miscellaneous lesions 
which will produce or complicate an otosclerotic type of deafness This 
classification is presented for the accumulation o f statistical data 

VII —Mucous Membrane Webs 

VIII—Fibrous Adhesions 

IX—Abnormalities of Footplate 

X—Abnoimalities of Anterioi Crus 
XI —Abnormalities of Posterior Crus 
XII —Abnormalities of Stapedius 
XIU —Abnormalities of Incus 
XIV—Abnormalities of Malleus 

XV —Systemic Diseases , 


The cases of combined oval and lound window closuie have 
been seveiely deaf, and audiometucally have shown only a 
little lesidual air conduction and bone conduction foi the 
lowei tone fiequencies, howevei, such an audiogram does not 
always indicate round window closure 

MISCELLANEOUS PATHOLOGY 

By clinical obseivation undei the opeiatmg micioscope we 
aie discoveung a nevei ending list of miscellaneous lesions 
(see Chart IV), which will simulate the otoscleiotic type of 
deafness 01 will altei the opei ability of the stapes In the 
past oui knowledge of the vanables of otoscleiosis has been 
limited to a lelatively small numbei of autopsy specimens—- 
Fowlei, 3 Ruedi,' Guild, 8810 Eggston and Wolfe, 11 Lindsey, 11 
and otheis Today, with the opeiatmg micioscope, and pho¬ 
tographic slides of the suigical pathology, the opportunity to 
learn about the pathology and audiology of otoscleiosis is 
gieatly mci eased 
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m the tlnee dimensional photogiaphs and, finally, the clin¬ 
ical comments on suigical technique and surgical judgment 

The 3-D photogiaphs aie taken fiorn the position of the 
opeiatoi, sitting behind the patient looking into the middle 
eai The incus is the key anatomical landmaik, the pathol¬ 
ogy will be descnbed m 1 elation to the incus fust, antenoi 
to the incus (aiound the antenoi cius and footplate), and 
second, postenoi to the incus fiom supeuoi to mfenoi (left 
to light) Foi clanty of presentation all ears aie piesented 
as light eais 


OUTLINE OF ILLUSTRATIVE CASES 

hitioductory Cases Case 1—Ideal Pathology, Case 2— 
Inopeiable Otoscleiosis, Cased—Bilateial Otoscleiosis, Case 
4—Fibious Adhesions 

Anatomical Positions Case 5—Downwaid Tilt, Case 6— 
Upwai d Tilt, Case 7—Upwai d Tilt with Fixation, Case 8— 
Fallopian Canal Otoscleiosis 

Aiuat Otoscleiosis Case 9—Antenoi Ciural Otoscleiosis, 
Case 10—Supenoi Bi-ciuial Otoscleiosis, Case 11—Inferioi 
Bi-ciuial Otoscleiosis 

Chaiactei of Otoscloiosis Case 12—Pink Otoscleiosis, Case 
13—Thin complete footplate otoscleiosis, Case 14— -Thick 
complete footplate otoscleiosis. Case 15—Inopeiable Oto- 
scleiosis oval and lound window 

Post-Mobilization Pathology Case 16—Post-mobilization 
fibious, Case 17—Piobable technical mobilization failuie, 
Case 18—Pnmaiy stapes failuie fiom unfavoiable pathology, 
Case 19—Pnmaiy stapes failuie, inopeiable thick footplate 

Fenesti ation Continuity Case 20 — Footplate mobilization 
attempted (thick footplate) , Case 21—Unfavoiable stapes 
pathology 

INTRODUCTORY CASES 
Case 1 SR—2S2 F—Ideal Pathology 

Diagnosis 

1 Otosclerosis circumscribed anterior footplate (1/4) thin white 
fa\orable 



902 


PARK I OH STAPES OPERABILITY. 


should be bused upon the type of anatomical development and 
the type ol pathology piesent Only by such a basic classi 
fication can we learn which opeiations, and which techniques, 
will give lasting lesults m individual pathological cncum- 
fatances This classification of the anatomy, pathology of 
otosclciosis and miscellaneous pathology is piesented as wo 
begin to define the operability of the stapes, dogieos of in¬ 
volvement aio outlined foi coding statistics The vauablos aic 
many, and the opeiability is dcteimined by the combinations 
of the anatomical and pathological vauablos (see Clnut V) 
This classification should be changeable, othei contributor 
should make suggestions and con actions, and the opinions 
on operability of the stapes will naturally vaiy from yeai to 
yeai as wo loam new techniques and new limitations Cei- 
tainly the diagnosis “otosclciosis” alone is inadequate foi 
study and futuic lefeionce The diagnosis should include a 
dcscnption ot the anatomical and pathological findings, and 
should be complete as 

1 Otosclciosis, eueumscribed, thin, white, anteuoi foot¬ 
plate, 3/d blue, mfciioi nnuginal, favoiable 

2. Stapes, fixed, deep, dowmvaid tilt 
Round window, normal, webs 

U Heaimg, flat audiogiam, 45 db loss, ait-bone gap 35, 
good speech discrimination, good candidate 

ILLUSTRATIVE CASES 

This study is based upon a senes of tlnoc-dimonsional 
photogiaphs of the suigical pathology of the stapes, Moie 
than 850 photogiaphs have been taken in a seiios of 147 con¬ 
secutive opeiations foi otosclciosis The experiences aic 
based upon a senes of 32(> mobilizations and 724 fenestia- 
tions—a total of moie than 1,000 opeiations The pathology 
found in selected cases is herein desuibcd m detail to illus- 
tiate the effect of the variable pathology on the opei ability 
of the stapes 

With each illustrative case will be given, fust the detailed 
diagnosis, second, the dcscnption of the surgical pathology 
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Comments 

In bilateial otoscleiosis the anatomy and pathology ot the 
stapes aie smnlai m type, though they may vaiy in degiee 

In this minimal pathology mobilization was attempted by 
mdnect piessuie on the incus, howevei, when the postenoi 
cius began to ledden, indicating an impending fractuie, a 
duect attack was made upon the antenoi footplate and com¬ 
plete footplate mobilization obtained 

Case 4 SR—254 Von V—Adhesions and Otoscleiosis 
Diagnosis 

1 Otosclerosis, circumscribed, thin white anterioi footplate with 
thick fibrous adhesions 

2 Stapes fixed upright strong crura. 

3 Round window normal 
Description of 3 D Photograph 

This is a fa\orable stapes complicated b\ white fibrous adhesions 
A Anterior to the incus 

R Thin, white otosclerosis fixes the anterior margin of the foot 
plate. 

P Posterior to the incus, from superior to inferioi are 

1 The normal Fallopian canal 

2 An area of superficial blue footplate 

3 The anterior portion of the footplate is co\ered b> white fibrous 
adhesions, the posterior 1/2 of the footplate is normal blue 

4 The posterior crus ia strong and upright 

5 The round window is normal 

Comments 

Fibious adhesions limit the opei ability of the stapes 

In this case with thin, wlute antenoi footplate otoscleiosis 
and antenoi footplate adhesions tlieie was piompt 1 e-fixation 
of the stapes Subsequently, an antenoi ciuiotomy and pos- 
tenoi footplate mobilization weie peifoimed, giving a lasting 
result 


ANATOMICAL POSITIONS 
Case 5 SL—255-V—Dowmward Tilt. 

Diagnosis 

1 Otosclerosis, circumscribed, white anterior footplate footplate 
3/4 blue 

2 Stapes deep footplate downward tilt of crura no posterior crural 
fixation unfavorable 

3 Round window normal 
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2 Stapes, fixed, superficial upiight 

3 Round window normal 

Description of 3 D Photogroph (Fig 1) 

A Anterior to the incus theie is an atea of thin white footplate 
otoscleiosis, the otosclerosis does not involve the anterior crus 
P Posterior to the incus, from supeiior to inferioi, aie 

1 The normal Fallopian canal 

2 The normal tianslucent easil> seen supeificial footplate of the 
stapes 

3 The upright free stiong posterioi crus of the stapes 

4 The stapedius tendon 

5 The normal round window 

Comments 

This stapes, with limited pathological involvement of the 
footplate, was mobilized with the induect appioach by pies- 
suie on the incus The lesult was lasting 

Case 2 SL—214-MM —Inoperable Diffuse Otosclerosis 
Diagnosis 

1 Otosclerosis, diffuse red footplate (3/4), bi crural inoperable 

2 Stapes fixed, deep, downwaid tilt 

3 Round window closing neaily complete 
Description of 3 D Photograph (more than Fig 6d) 

A, Anterior to the incus 

1 Red vascular otosclerosis involves the entire anteiior crus to 
the apex of the cruia 

2 The promontory is covered with red vascular otosclerosis 
P Posterior to the incus, from superioi to inferior are 

1 The normal Fallopian canal 

2 A very deep footplate of the stapes, almost invisible 

3 There is a downward tilt of the posteiioi crus with posterior 
crural otosclerosis 

4 There is almost complete closure of the round window 

Comments 

Mobilization was easily accomplished by piessuie on the 
mcus, howevei, m thick, red bi-ci ural otoscleiosis of a deep 
stapes with downwaid tilt of the ciuia, the mobilization was 
of transient value In almost complete round window closuie 
m active otoscleiosis, fenestiation would be of transient value, 
and I have advised against fenestration suigeiy because of 
the emotional instability of the patient 

Case 3 SL—283 F —Bilateral Otosclerosis 
Diagnosis and description 

This is the left ear of Case 1 the diagnosis anatomy and patholog) 
are almost identical (see Fig 1) 
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Comments 

In bilateial otosclerosis the anatomy and pathology of the 
stapes aie similai m type, though they may vary m degiee 

In this minimal pathology mobilization was attempted by 
indiiect piessuie on the incus, however, when the postenoi 
ci us began to ledden, indicating an impending fractuie, a 
dnect attack was made upon the anterior footplate and com¬ 
plete footplate mobilization obtained 

Case 4 SR—254 Von V —Adhesions and Otosclerosis 
Diagnosis 

1 Otosclerosis circumscribed, thin, white anterior footplate with 
thick fibrous adhesions 

2 Stapes fixed, upright strong crura. 

3 Round window normal 
Description of 3 D Photograph 

This is a favorable stapes, complicated by white fibrous adhesions 
A. Anterior to the incus 

L Thin, white otosclerosis fixes the anterior margin of the foot 
plate 

P Posterior to the incus from superior to inferior are 

1 The normal Fallopian canal. 

2 An area of superficial blue footplate 

3 The anterior portion of the footplate is covered by wiiite fibrous 
adhesions the posterior 1/2 of the footplate is normal blue. 

4 The posterior crus is strong and upright. 

5 The round wTndow is normal 

Comments 

Fibious adhesions limit the opei ability of the stapes 

In this case with thin, white antenoi footplate otoscleiosis 
and antenoi footplate adhesions theie was piompt i e-fixation 
of the stapes Subsequently, an antenoi cruiotomy and pos- 
tenor footplate mobilization weie peiformed, giving a lasting 
result 


ANATOMICAL, POSITIONS 
Case 5 SL—255-N—Downward Tilt. 

Diagnosis 

1 Otosclerosis circumscribed, white anterior footplate footplate 
3/4 blue 

2 Stapes deep footplate downward tilt of crura, no posterior crural 
fixation unfavorable 

3 Round window normal 
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Tills is an operable but unfavorable stapes with a deep footplate 
and downward tilt of the crura. 

Description of 3 D Photograph (see Fig 2) 

A Anterior to the incus 

1 There is circumscribed anterior footplate otosclerosis 
P Posterior to the incus, from superior to inferior, are 

1 The normal Fallopian canal 

2 The normal blue translucent footplate deeply placed in the oval 
window niche 

3 The downward tilt of the posterior crus brings it Into contact 
with the inferior lip of the oval window niche This appmima 
tion makes the posterior crus susceptible to otosclerotic fixation 
by the adjacent otosclerotic involvement (Similar to Fig 2 with 
otosclerosis extending posteriorly adjacent to but not filing 
posterior cius) 

Comments 

At present this patient has a good lesult which should last 
unless theie is otosclerotic involvement of the posteiioi cius 

Case 6 SR—213 A —Upward Tilt 
Diagnosis 

1 Otosclerosis, circumscribed, thin, white, anterior footplate, foot 
plate not seen 

2 Stapes fixed very deep, uptilt of crura, contacting Fallopian 
canal 

3 Normal round window 

This is an operable but anatomically unfavorable stapes 
Description of 3 D Photograph 

P Posterior to the incus, from left to right are 

1 The normal Fallopian canal 

2 The footplate of the stapes is not visible but in a narrow deep 
niche 

3 There is marked upward tilt of the crura so that the neck of 
the stapes is in contact with the Fallopian canal (similar to 
Fig 3 with no otosclerosis on Fallopian canal) 

4 The round window is normal 

Comments 

This stapes mobilized easily with piessuie on the incus 
The deep footplate with upwaid tilt of the ciura makes the 
piognosis guaided in this now successful mobilization (see 
next case) Although anatomically unfavoiable, the lesult 
has lasted because theie was no ciural involvement 

Case 7 SR—269 L—Upward Tilt Footplate Mobilization and Re-Applica 
tion of Crura, 

Diagnosis 

1 Otosclerosis diffuse bbcrural and cervical, A\ith fixation to Fal 
lopian canal and obliteration of 1/2 of footplate 
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2 Stapes fixed, very deep inaccessible footplate upward tilt. 

3 Round window patent but marginal otosclerosis 

This is an extensive unfavorable otosclerosis 

Description of 3 D Photograph 
A Anterior to the incus there is 

1 Red otosclerotic imolvement of the promontori 
P Posterior to the incus from superior to inferior are 

1 Otosclerosis of the Fallopian canal 

2 Otosclerotic fixation between the Fallopian canal and the neck of 
the stapes (Cervical otosclerosis—more than Fig 3) 

3 Red vascular otosclerosis of the promontorj 

4 Normal round window 

5 Footplate of the stapes is so deep that it is invisible, the re¬ 
sultant upward tilt of the crura predisposed toward the oto¬ 
sclerotic fixation of the neck. 

Comments 

The red vasculai otoscleiotic fixation between the Fallopian 
canal and the neck of tins deeply placed stapes, with upwaid 
tilt and fixation of both cruia, makes tins an mopeiable 
stapes by cunently accepted mobilization techniques As tins 
54-yeai-old male piesented So db loss and was not suitable 
foi fenestration suigery, the footplate of the stapes was in¬ 
vestigated The ciuia of the stapes weie fiactuied and le- 
tiacted downward to expose the footplate (The antenor 
footplate, antenoi ciuial, mfenoi marginal and postenor 
cruial otoscleiosis weie moie extensive than Fig 5c) Ap¬ 
proximately one-half of the footplate was noimal blue Tins 
central poition of the footplate ivas mobilized with the chisel 
The lemnant of the stapes still attached to the incus was 
swung back into position ovei the mobile cenhal poition of 
the footplate This operation was done on September 10, 
1957 On Febiuary 7, 1958 (5 months post-opeiative), the 
patient still poossessed a 42 db healing impiovement to the 
43 db hearing level 

Such bi-cruial otoscleiosis is beyond the limits of accepted 
methods of mobilization surgeiy, and as previously stated, 
lequired some type of oval window suigery with oi vnthout 
the application of prosthetic ciuia 

Shea advocates excavation of the oval window and the app¬ 
lication of a vein giaft and piosthetic ciura or re-application 
of a um-pod stapes 
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This is an operable but unfavorable stapes with a deep footplate 
and downward tilt of the crura 

Description of 3 D Photograph (see Fig 2) 

A Anterior to the incus 

1 There is circumscribed anterior footplate otosclerosis 
P Posterior to the incus, from superior to inferior, are 

1 The normal Fallopian canal 

2 The normal blue translucent footplate deeply placed in the o\al 
window niche 

3 The downward tilt of the posterior crus brings it into contact 
with the inferior lip of the oval window niche This approiima 
tion makes the posterioi crus susceptible to otosclerotic fixation 
by the adjacent otoscleiotic involvement (Similar to Fig 2 with 
otosclerosis extending posteriorly adjacent to but not fixing 
posterioi crus) 

Comments 

At present this patient has a good lesult which should last 
unless theie is otoscleiotic involvement of the posteiioi cius 

Case 6 SR—213 A —Upward Tilt 
Diagnosis 

1 Otosclerosis, circumscribed, thin, white, anteiior footplate, foot 
plate not seen 

2 Stapes fixed, very deep, uptilt of crura, contacting Fallopian 
canal 

3 Normal round window 

This is an operable but anatomically unfavorable stapes 
Description of 3 D Photograph 

P Posterioi to the incus, from left to right are 

1 The normal Fallopian canal 

2 The footplate of the stapes is not visible but in a narrow deep 
niche 

3 There is marked upward tilt of the ciuia so that the neck of 
the stapes is in contact with the Fallopian canal (similar to 
Fig 3 with no otosclerosis on Fallopian canal) 

4 The round window is normal 

Comments 

This stapes mobilized easily with piessuie on the incus 
The deep footplate with upwaid tilt of the ciura makes the 
piognosis guaided m this now successful mobilization (see 
next case) Although anatomically unfavoiable, the lesult 
has lasted because theie was no ciuial involvement 

Case 7 SR—269 D—Upward Tilt Footplate Mobilization and Re-Applica 
tion of Crura. 

Diagnosis 

1 Otosclerosis diffuse, bi crural and cervical with fixation to Fal 
lopian canal and obliteration of 1/2 of footplate 
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Comments 

In thick, white antenoi footplate and antenoi ciuial oto- 
scleiosis, the piognosis is favoiable, with Fowlei’s antenoi - 
cruiotomy and complete postenoi footplate mobilization of 
the stapes 

Case 10 SR—283 SS —Superior Bi-Crural Otosclerosis 
Diagnosis 

1 Otosclerosis, circumscribed red, thick, superior marginal bi- 
crural, inferior 1/2 of footplate blue 

2 Stapes fixed footplate deep crura upright. 

3 Round window normal 

Description of 3 D Photograph 

P Posterior to the Incus, from superior to inferior are 

1 The normal Fallopian canal 

2 Red vascular otosclerosis along the entire superior margin of 
the footplate replacing the annulus, fixing the length of the 
footplate and fixing the superior edge of the anterior and 
posterior crus and filling the superior 1/2 of the oval window 
niche (Fig 5d) 

3 The inferior half of the footplate is normal translucent blue 

4 The inferior margin of the annulus is normal 

5 The round window Is normal 

Comments 

It is easy enough to mobilize such a stapes, but theie is 
usually piompt i e-fixation with thick, led supenoz mazgrnal, 
bi-cxuial otoscleiosis Audiometncally, this bi-ciuial oto¬ 
sclerosis shows a sloping au-conduction curve with loss of 
high tones 

Because of the maiked nan owing of tins deep oval window 
niche, and the fact that this 22-year-old female is suitable 
for fenestration surgery, I have advised against furthei oval 
window surgery, and have encouiaged the patient to have a 
fenestration operation 

Case 11 SL»—225-MS —Inferior Bi Crural Otosclerosis 
Diagnosis 

1 Otosclerosis circumscribed white anterior footplate inferior 
marginal bhcrural 3/4 of footplate blue unfavorable 

2 Stapes fixed deep footplate downward tilt of crura 

3 Round window normal 
Description of 3 D Photograph 

A. Anterior to the incus there is 

1 A wide area of white anterior footplate and anterior crural 
otosclerosis 
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As m this case, at the piesent time, I feel that such oval 
window surgery should be reseived for those cases which aie 
no longei suitable for the fenestiation opeiation 

Case 8 SR—308—Fallopian Canal Otoscleiosis 
Diagnosis 

1 Otosclerosis cii cumscnbed, red, Fallopian canal to anterior 
crus, footplate normal 

2 Stapes fixed, upright, deep 

3 Round window normal 
Description of 3 D Photograph 

P Posteiior to the incus from left to right aie 

1 The Fallopian canal 

2 On the inferior border of the Fallopian canal there is a red 
prominence of otosclerotic bone projecting downward to fix the 
superior surface of mid portion of the anterior crus (Similar to 
Fig 3 but not localized to anterior crus) 

3 Deep to the bony prominence there is a noimal blue, deeplj 
placed footplate 

4 The posterior crus and stapedius tendon aie not involved 

5 The chorda tympani nerve and round window are normal 

Comments 

The superior otoscleiotic fixation external to a normal foot¬ 
plate is lare Because of the antenoi ciuial fixation an 
antenoi cruiotomy was attempted, howevei, m the piocess 
the stapes was completely mobilized, making ciuiotomy im- 
piacticable At present, the hearing is good 

CRURAL OTOSCLEROSIS 

Case 9 SR—272—Anteiior Cruial Otosclerosis 
Diagnosis 

1 Otosclerosis, circumscribed, thick pink anteiioi ciural, footplate 
3/4 blue favorable 

2 Stapes fixed, moderate superficial upright, strong crura. 

3 Round window normal 

Description of 3 D Photograph (Less than Fig 4a) 

A Anterior to the incus 

X Thick white otosclerosis surrounds the anterior footplate and 
anterior crus 

P Posteiior to the incus from superior to inferior are 

1 The normal Fallopian canal 

2 A moderately deep uninvolved area of the footplate of the stapes 

3 A strong free, upright posterior crus 

4 A noimal round window 
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3 Upright crura which do not touch the margins of the oval win 
dow (similar to Fig 3 without contact) 

4 Pink otosclerosis extending over the promontorv (similar but 
less than 6d) 

5 Patent round window with marginal round window otosclerosis 

Comments 

In geneial re-fixation is piorapt m such pink otosclerosis 
however, this case has maintained hearing: lmpiovement 
This lasting improvement piobably occuned because the cruia 
of the stapes were upright, and were not involved m the oto- 
sclerotic process In stapes suigery it is the possible combina¬ 
tions of favorable and unfavorable anatomy and pathology 
which determine operability (see Chart V) 

Case 13 SL—247A—Complete Thin Footplate Otosclerosis 
Diagnosis 

L Otosclerosis circumscribed thin white, complete footplate an 
nulus discernable 

2 Stapes fixed superficial crura upright, free 

3 Round window normal. 

Description of 3 D Photograph 

P Posterior to the incus from left to right, are 
L The normal Fallopian canal 

2 The footplate is superficial and completed replaced by the oto- 
sclerotic process The margins of the footplate are thin so that 
the annular margin of the footplate is visible superiorly and In¬ 
teriorly (see Fig 6a) 

3 The crura are strong upright and do not contact the margins of 
the oval window 

4 The round window is normal 

Comments 

This appeared to be an inoperable footplate, howevei, with 
manipulation at the annulus with the chisel, complete foot¬ 
plate mobilization was obtained, and the patient has a lasting 
hearing improvement 

Six months post-operatively, this patient states that her 
hearing has remained good, and the audiogram shows a 30 
db hearing impiovement to the 25 db level 

Case 14 SL^T-S—Thick Complete Footplate Otosclerosis 
Diagnosis 

1 Otosclerosis diffuse red thick, complete footplate with filling 
of the oval window niche 

2 Stapes fixed deep footplate crura free 
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P Posteiior to the incus, from supeiioi to infeiioi, aie 

1 The normal Fallopian canal 

2 An aiea of normal blue footplate deeply placed in a narrow 
niche 

3 The noimal superior and inferior margins of the footplate 

4 The downward tilt of the crura brings the crura into contact 
with the inferior lip of the oval window theie is white oto* 
sclerotic fixation of the inferioi border of the posterior crus {see 
Fig 5c) 

5 The lound window is normal 

Comments 

This bi-ciuial fixation of the deeply placed stapes with 
dowmvaid tilt of the ciina is, to me, beyond the limits of our 
piesent day mobilization singeiy In this case, and others, 
i e-fixation has been piompt This is the type of case which 
might respond to mobilization of the footplate combined with 
an antenoi and postenoi ciuiotomy, and eithei the mseition 
of some type of non-osteogemc piosthetic cun a, oi a Type 
IV tympanoplasty As the case is clinically suitable, I have 
advised a fenestiation operation 

CHARACTER OF OTOSCLEROSIS—COLOR AND THICKNESS 

The cold of the otosclerosis is dependent upon the vascu¬ 
larity and the activity of the otoscleiotic piocess, the circum¬ 
scribed white, inactive otosclerosis is difficult to mobilize, 
but does not tend to i e-fix, while the red vascular otosclerosis 
is easy to mobilize but tends toward piompt le-fixation 

White, neaily white, and red otosclerosis has been illus¬ 
trated by previous cases 

Case 12 SL—263 H—Diffuse Pink Otoscleioais 

Diagnosis 

1 Otosclerosis, diffuse, pink anterior footplate unfavorable 

2 Stapes fixed deep, upright, crura not fixed 

3 Round window, patent, marginal otosclerosis 

Description of 3 D Photograph 

A Anterior to the incus 

1 There is pink otosclerosis fixing the anterior footplate and ex 
tending over the promontory 
P Posterior to the Incus from superior to inferior, are 

1 Pink otosclerosis Involving the Fallopian canal 

2 A deeply placed almost Invisible footplate 
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3 Upright crura which do not touch the margins of the oval win 
dow (similar to Fig 3 without contact) 

4 Pink otosclerosis extending over the promontory (similar but 
less than 6d) 

5 Patent round window with marginal round window otosclerosis 

Comments 

In geneial i e-fixation is piompt m such pink otosclerosis 
howevei, this case has maintained hearing improvement 
This lasting improvement probably oecuned because the crura 
of the stapes were upright, and were not involved m the oto- 
scleiotrc process In stapes surgery it is the possible combina¬ 
tions of favorable and unfavorable anatomy and pathology 
which determine operability (see Chart V) 

Case 13 SL—247 A —Complete Thin Footplate Otosclerosis 
Diagnosis 

1 Otosclerosis circumscribed thin white complete footplate an 
nulus discernable 

2 Stapes fixed superficial crura upright, free 

3 Round window normal 
Description of 3 D Photograph 

P Posterior to the incus from left to right are 

1 The normal Fallopian canal 

2 The footplate is superficial and completely replaced by the oto- 
sclerotlc process The margins of the footplate are thin so that 
the annular margin of the footplate is visible superiorly and in¬ 
teriorly (see Fig 6a) 

3 The crura are strong upright and do not contact the margins of 
the oval window 

4 The round window is normal 

Comments 

This appealed to be an mopeiable footplate, however, with 
manipulation at the annulus with the chisel, complete foot¬ 
plate mobilization was obtained, and the patient has a lasting 
hearing impiovement 

Six months post-opeiatively, this patient states that hei 
healing has lemained good, and the audiogiam shows a 30 
db heaung impiovement to the 25 db level 

Case 14 SL-237 S —Thick Complete Footplate Otosclerosis 

Diagnosis 

1 Otosclerosis, diffuse red thick, complete footplate with filling 
of the oval window niche 

2 Stapes fixed deep footplate crura free 



970 


FARRIOR STAPES OPERABILITY 


P Posterior to the incus, from superior to inferior, are 

1 The normal Fallopian canal 

2 An area of normal blue footplate deeply placed In a narrow 
niche 

3 The normal superior and inferior margins of the footplate. 

4 The downward tilt of the crura brings the crura into contact 
with the inferior lip of the oval window there is white oto- 
sclerotic fixation of the inferioi border of the posterior crus (see 
Fig 5c) 

5 The round window Is normal 

Comments 

This bi-ciural fixation of the deeply placed stapes with 
downwai d tilt of the ci ura is, to me, beyond the limits of our 
present day mobilization surgery In this case, and others, 
l e-fixation has been piompt This is the type of case which 
might lespond to mobilization of the footplate combined with 
an antenor and postenoi ciurotomy, and eithei the mseition 
of some type of non-osteogenic piosthetic ciuia, oi a Type 
IV tympanoplasty As the case is clinically suitable, I have 
advised a fenestration operation 

CHARACTER OF OTOSCLEROSIS—COLOR AND THICKNESS 

The color of the otoscleiosis is dependent upon the vascu- 
lanty and the activity of the otoscleiotic piocess, the cucum- 
scnbed white, inactive otoscleiosis is difficult to mobilize, 
but does not tend to re-fix, while the red vasculai otoscleiosis 
is easy to mobilize but tends towaid piompt i e-fixation 

White, nearly white, and led otoscleiosis has been illu s ' 
trated by pievious cases 

Case 12 SL—263 H —Diffuse Pink Otosclerosis 

Diagnosis 

1 Otosclerosis diffuse pink anterior footplate, unfavorable 

2 Stapes fixed deep upright crura not fixed 

3 Round window, patent, marginal otosclerosis 

Description of 3 D Photograph 

A Anterior to the incus 

1 There is pink otosclerosis fixing the anterior footplate and ex 
tending over the promontory 

P Posterior to the incus, from superior to inferior, are 

1 Pink otosclerosis involving the Fallopian canal 

2 A deeply placed almost invisible footplate 
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dow closure Had the oval window not been completely closed, 

I would have pioceeded with the fenestration operation 

POST-MOBILIZATION PATHOLOGY 

Re-fixation of the stapes, 01 primary mobilization failuies, 
may result fiom either technical 61 pathologicaLcauses Re- 
fixation of the stapes may lesult fiom inadequate suigery, 
but more fiequently re-fixation occuis m unfavoiable or 
moperable anatomical and pathological cncumstances This 
is the cause for 1 e-fixation aftei complete mobilization In¬ 
adequate suigery mcludes incomplete mobilization, and failure 
to do an antenor-ciuiotomy m anterior cruial otosclerosis 

Primary mobilization failuies may result from inexpert 
suigery, or impiopei suigical attack, more frequently, pri¬ 
mary failuies~occur to the reasonably competent suigeon, be¬ 
cause the pathology piesent was beyond the limits of stapes 
mobilization surgery A primary mobilization failuie of 
inexpert surgery may convert a thoroughly opeiable stapes 
into an unfavorable or inopeiable stapes 

^^Re-operation on the stapes is raiely indicated because of 
probable primary unfavoiable pathology and secondary scar 
formation Re-operation on the stapes is„ indicated only 
when the pnmary pathology and anatomy were found to be 
favorable Re-operation on the stapes should never be pei- 
formed as a “solo” operation, for too often the re-opeiated 
stapes is found to be inoperable, theiefoie, in 1 e-operation 
of the stapes one should be prepared to do a “fenestration m 
continuity” should the stapes piove to be pathologically in¬ 
operable 

Case 16 SR—65-FR —713 EF 
Diagnosis 

L Post mobilization fibrosis severe 

2 Otosclerosis circumscribed anterior footplate anterior crural. 

3 Stapes fixed deep footplate downward tilt 

4 Round window normal. 

Description of 3-D Photograph 

This is a post-operative mobilization pnmary failure in which we 
are performing a fenestration operation and have exposed the 
entire incus 
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3 Round window normal 
Description of 3 D Photograph 
P Posterior to the incus, from supenor to inferior, are 

1 A normal Fallopian canal 

2 A deeply placed footplate completely covered with thick, red, 
vascular otosclerosis which fills the oval window niche to apei 
of the crura of the stapes (see Fig 6b) 

3 The round window is normal 

Comments 

Thick, red, complete footplate otoscleiosis is mopeiable and 
is a pathological indication foi the fenestration operation 
I do not believe that oval window suigery will evei be applic¬ 
able when the otoscleiosis is so thick that the max gins of the 
footplate are obliteiated, and theie is no xemaining nounal 
footplate 

When exploration xevealed the above descubed pathology, 
the opexation was discontinued and a fenestxation advised 
It is not necessary to fractui'e the crux a, ox to duve a chisel 
into the footplate, to know that mobilization would be a 
failuxe 

Case 16 FLr718 B —Inoperable Otosclerosis, Oval and Round Window 
Diagnosis 

1 Otosclerosis, diffuse, red, anterior footplate inferior marginal, 
bi-crural, promontory, oval window 

2 Stapes fixed, deep footplate, downward tilt 

3 Round window, complete closure 
Description of 3 D Photograph 

P Posterior to the incus from superior to inferior, are 

1 The normal Fallopian canal 

2 A very deep, almost occluded footplate of the stapes 

3 Downward tilt of the crura of the stapes, with complete oto 
sclerotic fixation of one-half of the posterior crus (worse than 
Fig 6d with complete round window closure) 

4 Red, vascular, otosclerosis of the promontory 

6 Complete slit like closure of the round window 

Comments 

A primary fenestiation was advised because of the positive 
Schwartze sign, but smgery was discontinued when exploia- 
tion levealed the complete lound window closure A fenes¬ 
tiation may be of value if even a fiaction of the lound window 
is patent A healing aid is indicated m complete lound win- 
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stapes surgery m tlie fust eai, I advise a fenestiation ou this 
ear before exploung the stapes on the opposite ear If the 
pathology was favorable in the tnst eai and the mobilization 
was a failuie foi technical leasons, a mobilization is pei- 
foimed on the opposite eai 

Case li> SL—27&-FL—721-MD—Unfavorable Stapes 
Diagnosis 

IPO stapes primary failure 

2 Otosclerosis circumscribed anterior footplate anterior crural, 
inferior marginal posterior footplate, footplate 1/5 blue 

3 Stapes, footplate deep, crura downward tUt fractured bound 
with adhesion 

4 Round window normal 
Description of 3 D Photograph 

1 The incus scar tissue and crura of the stapes ha\e been remo\ed, 
exposing the oval window niche and footplate, from superior to 
inferior are 

1 The ampulla of the horizontal canal 

2 The Fallopian canal 

3 The deeply placed footplate of the stapes showing anterior and 
posterior footplate otosclerosis involving the stumps of the crura. 
The circumscribed white otosclerosis extends onto the promon 
torj for about 1 mm (more than Fig 5c) 

Comments 

The stapes mobilization was a pimiaiy failuie because of 
the ciuial and footplate otoscleiosis Because of the small 
central aiea of blue footplate ( 1 / 5 ) some might advise exca¬ 
vation of the oval window and the application of piosthebc 
crura As a secondary operation, in a suitable candidate, I 
piefei the moie reliable and piedietable fenestiation 

Some suigeons justify multiple stapes operations on the 
patient’s temporary objections to a fenestration Unless the 
secondary suigical pioceduie is reasonably piedietable, I ad¬ 
vise a hearing aid 

Case 19 SL—99 FL—72 CPE K.—Inoperable Footplate 
Diagnosis 

IPO stapes primar\ failure 

2 Otosclerosis diffuse thick pink, complete footplate annulus ob¬ 
literated crura atrophic 

3 Stapes fixed superficial crura upright weak no fibrosis 

4 Round window normal 
Descroptlon of 3 D Photograph 

1 A fenestration is being performed the incus has been remo\ed 
from superior and inferior are 
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P Posterior to the incus, from supeiior to inferior, are 

1 The Fallopian canal covered with scar tissue 

2 Firm fibrous adhesions occlude the view of the deep footplate 
of the stapes and bind the stapes and stapedius tendon to the 
Fallopian canal and incus to the chorda tympani nerve tympani 
membrane and promontory 

Comments 

These fibious adhesions of a deeply placed stapes, with 
downwaid tilt of the ciuia, make this an mopeiable stapes and 
is a pathological indication foi the fenestiation opeiation 

Case 17 S—67 F—715 A—Piobable Technical Failuie 
Diagnosis 

IPO mobilization, re-fixation 

2 Otosclerosis anterioi footplate anterior crural, inferior marginal 
firm fibrous adhesions 

3 Stapes fixed, deep, downward tilt 
Description of 3 D Photograph 

P The incus has been dislocated from superior to inferior are 

1 The ampulla of the hoiizontal canal 

2 The Fallopian canal 

3 The deeply placed footplate 

4 Downward tilt of the posterior and inferior crus of the stapes 
otoscleiosis fixing 1/2 of the anterior crus (see Fig 5a) 

6 Fibrous adhesions fixing the stapes 

Comments 

This i e-fixation of the stapes is piobably a technical fail¬ 
ure, foi the patient has a good mobilization on the opposite 
ear, and m bilateial otoscleiosis the pathology m the two eais 
is srmilai Antenor ciuiotomy may have pi evented re¬ 
futation In the opposite ear, the patient has maintained a 
30 db heai mg impiovement to the 15 db level foi 18 months 
In the opeiated eai undei discussion the patient obtained a 
25 db gam to the 30 db level with piompt loss of the gain 
As the secondary anatomy and pathology weie unfavoiable, 
a fenestiation was perfoimed yielding a 35 db gain to the 
20 db level 

In cases that have had stapes mobilization on both eais, if 
they have obtained one good lesult they are anxious to have 
a fenestration on the opposite eai, howevei, if both mobiliza¬ 
tions have been a failuie, they aie reluctant to txy any furthei 
surgery If the pathology is found to be unfavoiable foi 
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A fenestration is peifoimed m continuity when the pathol¬ 
ogy is found to be beyond the limits of mobilization suigeiy 
The decision to perfoim a fenestiation m continuity is based, 
not upon the blind audiometnc failuie, but upon the micio- 
scopic fact that the footplate is not mobile, and that the 
pathology is beyond the limits of stapes suigeiy 

Case 21 FR—717 BS —Unfavorable Stapes 
Diagnosis 

1 Otosclerosis white circumscribed antenoi footplate anterior 
crural inferior marginal posterior crural unfavorable 

2 Stapes fixed deep downward tilt. 

3 Round window normal. 

Description of 3 D Photograph 

A. The incus has been disarticulated, from superior to inferior are 

1 The ampulla of the horizontal canal 

2 The normal Fallopian canal 

3 The deepB placed footplate of the stapes 

4 There is a downward tilt of both crura white otosclerosis is 
seen to involve one-third of the anterior crus extend along the 
entire inferior margin of the footplate and involve the posterior 
crus (see Fig 5c) 

Comments 

When exploiatory tympanotomy levealed tins unfavoiable 
pathology we pioceeded with a “fenestiation m continuity” 
without attempting mobilization The patient and the oper¬ 
ating staff had been previously piepaied, because of the 
sloping an-conduction audiogiani with the dispioportionate 
loss of lngh tones It would have been easy enough to mobilize 
this stapes, but m my piesent clinical opinion, the lesult 
would have been temporary, because of the bi-ciuial oto- 
scleiosis 

Some surgeons advise that a stapes mobilization should 
always be tiled fust, A thesis of this study is that tins tual 
and failuie appioach should be leplaced by sound suigical 
judgment, based upon the clinical intei pi etation of the exist¬ 
ing pathological cn cumstances 


U' CLINICAL COMMENTS 

1 Stapes mobilization is the operation of choice in early 
and model ate cncumsciibed otoscleiosis 
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1 The ampulla of the horizontal canal 

2 The Fallopian canal 

3 The footplate of the stapes is completely replaced by thick, pink, 
otosclerosis with obliteration of the annulus, there is no scar 
formation 

4 The crura are atrophic 

5 The round window is normaL 

Comments 

At the pi unary mobilization the ciuia of this mopeiable 
stapes weie fractuied This thick footplate is beyond the 
opeiable limits of any known type of oval window suigery 
The fenestiation was performed with a 26 db gam to the 
22 db level 


FENESTRATION IN CONTINUITY 
Case 20 FK—710 H —Inoperable Stapes 

Diagnosis 

1 Otosclerosis, circumscribed, complete footplate, white, flat, 1+ 
thick, annulus upright, strong 

2 Stapes fixed, superficial footplate, crura upright, strong 

3 Normal round window 

Description of 3 D Photograph 
P Posterior to the incus from superior to inferior aie 

1 The normal Fallopian canal 

2 The footplate is broad, white, superficial, with the annulus a 
most obliterated (between Fig 6a and b) 

3 The posterior crus is strong and upright 

4 The round window is normal 

Comments 

Because of the seventy of the deafness (80 db )» a fenes¬ 
tiation was advised, anticipating an mopeiable stapes When 
the exploiatory tympanotomy levealed the anatomically favoi- 
able strong upright eruia, and the anatomically favoiable 
superficial footplate with white otoscleiosis, efforts weie 
made to mobilize the footplate, even though theie was com¬ 
plete footplate otoscleiosis with beginning obhteiations at 
the annulus The chisel was used completely aiound the 
annulus of the footplate, but the footplate could not be mobi¬ 
lized A fenestiation was perfoimed m continuity, with ie- 
sultant 37 db gam 

In other instances, I have piepaied foi a fenestiation and 
done a mobilization when the stapes pioved to be operable 



FARRIOR STAPES OPERABILITY 


979 


11 Complete otoscleiosis of the footplate may still piesent 
a flat audiogiam if theie is no ciuial fixation, at least until 
the otoscleiosis becomes too thick ox the ciuia too weak to 
transmit sound 

12 Bi-ciuial otosclerosis with lound window closuie is 
indicated clinically by the very seveie associated “nerve” loss 

RE-FIXATION AND SECONDARY SURGERY 

13 Re-fixation of the stapes may xesult fiom inadequate 
suigery 

1U Most instances of i e-fixation of the completely mobi¬ 
lized stapes lesult fiom unfavoiable suigical anatomy and 
suigical pathology 

15 Re-opeiation on the stapes is indicated only m the 
presence of the most favoiable anatomy and pathology, and 
pi unary incomplete mobilization 

16 Re-opeiation on the stapes is contxa-indicated in un¬ 
favoiable anatomy and pathology, unfavoi ability includes 
both the piimary otoscleiosis and the secondaiy post-mobiliza- 
tion cicatiization 

17 At the present tune, m climcaUy suitable cases, I favor 
the fenestiation opeiation ovei antenoi and postenoi cruiot- 
omy, and mobilization of the footplate alone or excavation of 
the footplate and the application of piosthetic ciuia 

18 Many stapedial footplates aie so involved that they can¬ 
not be mobilized oi excavated, and aie an unequivocal indica¬ 
tion foi the fenestiation opeiation m clinically suitable cases 

19 Adequate exposure and adequate magnification aie ad¬ 
vocated to 

1 Give maximum opportunity foi vaiied suigical attack on 
the variable anatomy and pathology of the stapes 

2 To determine the pathological limitations of the stapes 
surgery 

3 To determine the pathological indication foi fenestiation 
suigery 
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2 In bilateial otosclerosis the anatomy and pathology of the 
stapes aie similar m type, though they may vary in degiee 

3 If the stapes mobilization on the fust eai leveals favor 
able suigieal pathology and favorable surgical anatomy, a 
mobilization is advised on the opposite eai 

U If the stapes mobilization has been primal lly successful 
in the piesence of unfavorable pathology, the patient is ad 
vised of these findings and that he will probably need a 
tenestiation While the healing is still good and the moiale 
high, he is given a tentative date foi the subsequent fenestia- 
tion (inteival about thiee months) 

5 (a) If the fust stapes mobilization was a failuie, the 
surgical pathology is unknown, and the opeiated eai is the 
poorei eai, a fenestiation operation is advised on this eai 
(see secondary mobilization suigery) 

(b) If at the time of the fenestiation, examination ie- 
veals that the stapes was pnmanly operable, subsequently a 
stapes mobilization is peifoimed on the opposite eai 

6 If the fust stapes mobilization is a failuie, the suigieal 
pathology unknown, and the unopeiated eai is the pooiei eai, 
an exploiatoiy tympanotomy is done on the unopeiated ear 
and a mobilization or fenestiation done, depending upon the 
pathological findings 

7 A positive Schwartze sign is piobably a conti a-mdication 
to mobilization surgery, ceitamly it is a conti a-mdication to 
a “solo” mobilization 

8 In mobilization surgery ciuial otoscleiosis is an indica¬ 
tion foi ciuiotomy to prevent l e-fixation 

9 Bi-ciuial otoscleiosis is piobably a contia-indication to 
mobilization suigery, although m the seveiely deaf some im¬ 
provement may lesult fiom antenoi and postenoi ciuiotomy 
and mobilization oi excavation of an opeiable footplate, with 
oi without the application of prosthetic ciuia 

10 Bi-ciuial otoscleiosis is believed to be indicated clin¬ 
ically by otosclerotic loss of the high tones 



980 


FARRIOR STAPES OPERABILITY 


SUMMARY 

1 Theie aie specific pathological indications foi stapes 
suigeiy and theie aie specific pathological indications for 
fenestiation suigery 

2 The opei ability of the stapes is based upon the type of 
anatomical development, the degiees of pathological involve¬ 
ment and the possible combinations of these vanables 

8 Theie is often a dnect con.elation between the seventy 
of the deafness, the pathological involvement and the opeia- 
bihty of the stapes 

U A basic classification of the anatomy and pathology is 
piesented, degrees of involvement aie piesented foi coding 
of anatomy and pathology and the classification of suigical 
results 

5 Any classification of lesults of stapes suigeiy should be 
based upon the type of anatomical development, and the type 
of pathological involvement In this way we will ultimately 
define the opei ability of the stapes 

6 Cunent opinions aie expressed lelative to the favoiable, 
unfavoiable, and inoperable stapes, based upon the anatomical 
development and pathological involvement 

7 The variable opei ability of the stapes is described in a 
series of illustrative cases 

8 The stapes mobilization operation is a reliable surgical 
procedure in favorable anatomical and pathological cncum- 
stances 

9 Stapes surgeiy has enough advantages to make it worthy 
of a tiial in less favorable anatomical and pathological cn- 
cumstances 

10 The fenestiation opeiation is indicated when the ana¬ 
tomical development and pathological involvement aie beyond 
the limits of reasonably predictable stapes suigeiy 

11. If the stapes suigeon strives to obtain the maximum 
peicentage of pnmary mobilization lesults in all types of 
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pathological involvement, he will jeopaidize the functions of 
many inner eais with little gam in the peicentage of cases 
with lasting heaung improvement We aie learning the 
limits of successful mobilization surgeiy 

12 Unfavoiable pathology is the most fiequent cause for 
1 e-fixation aftei complete stapes mobilization 

13 Incomplete stapes mobihzation oi inexpert suigery 
may convert an opeiable stapes into an inoperable stapes 

1U Re-opeiation of the stapes is raiely indicated unless 
the first suigery levealed favoiable pathology and the mobih¬ 
zation was incomplete 

15 Tiue, the mopeiability of the stapes cannot be deter¬ 
mined without microscopic inspection of the pathology, but 
mopeiability may be suspected if tlieie is a positive Schwartze, 
a high tone loss, oi if the patient is very liaid of hearing (50 
db ox nioie) 

16 The mopeiable stapes is a firm pathological indication 
for the fenestration operation m a clinically suitable case 
Inoperability of the stapes may result fiom extensive oto- 
scleiosis, vascular otosclerosis, post-mobilization cicatrization, 
adhesive processes, or a combination of these, with unfavoiable 
anatomical development 
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SUMMARY 

1 Theie aie specific pathological indications foi stapes 
suigeiy and theie aie specific pathological indications for 
fenestiation suigery 

2 The opei ability of the stapes is based upon the type of 
anatomical development, the degiees of pathological involve¬ 
ment and the possible combinations of these vanables 

S Theie is often a dnect con elation between the seventy 
of the deafness, the pathological involvement and the opeia- 
bility of the stapes 

1+ A basic classification of the anatomy and pathology is 
piesented, degiees of involvement aie piesented foi coding 
of anatomy and pathology and the classification of suigical 
lesults 

5 Any classification of lesults of stapes suigeiy should be 
based upon the type of anatomical development, and the type 
of pathological involvement In this way we will ultimately 
define the opei ability of the stapes 

6 Cuilent opinions aie expiessed lelative to the favoiable, 
unfavoiable, and mopeiable stapes, based upon the anatomical 
development and pathological involvement 

7 The vanable opei ability of the stapes is descubed m a 
senes of lllustiative cases 

8 The stapes mobilization opeiation is a leliable suigical 
procedure in favorable anatomical and pathological cncum- 
stances 

9 Stapes suigeiy has enough advantages to make it woithy 
of a tnal m less favoiable anatomical and pathological cii" 
cumstances 

10 The fenestration opeiation is indicated when the ana¬ 
tomical development and pathological involvement are beyond 
the limits of leasonably piedictable stapes suigeiy 

11. If the stapes suigeon strives to obtain the maximum 
percentage of pnmary mobilization lesults m all types of 



SUPRAGLOTTIC SUBTOTAL LARYNGECTOMY AND 
RADICAL NECK DISSECTION FOR CARCINOMA 
OF THE EPIGLOTTIS 


Joseph H Oguea, M D ,*t 
St Louis, Mo 


The presently accepted method foi the suigical tieatment 
of cancer of the epiglottis is total laryngectomy and ladical 
neck dissection yet, m certain instances of carcinoma of 
the epiglottis, the surgeon must wonder whether sacufice of 
the entile larynx and the commission of the patient to per¬ 
manent tiacheostomy is entiiely necessary 

Tlie objective of the suigeon should be not only adequate 
lemoval of the lesion but also preservation of laryngeal 
physiology Peioial amputation of the epiglottis in the ab¬ 
sence of nodal metastases has never leceived populai ac¬ 
ceptance, since obviously a wide margin of safety could not 
be accomplished Although partial laryngectomy with piesei- 
vation of coidal function is possible, it lequiies the creation 
of a laige pharyngostoma The attendant dysphagia, dioohng 
of saliva and multiple subsequent operations to effect closuie 
have influenced surgeons into taking the easier couise of total 
laryngectomy 

Supiaglottic subtotal laryngectomy and radical neck dis¬ 
section as a one-stage operation foi carcinoma of the epiglottis 
was developed m an attempt to conserve the function of the 
larynx. In South America the procedure is known as tire 
partial horizontal laryngectomy 010 The pioceduie described 
here diffeis from the South American method m that primary 
closure is performed, ratliei than to create a pharyngostoma 
which necessitates a second operation at a later date 

The rationale of the proposed suigical procedure is based 


•Presented at the American Academy of Ophthalmology and Otolaryn- 
golog\ Chicago Ill Oct 16 1957 

tDepartment of Otolarj ngolog^ Washington Unl\ersitj School of Medi¬ 
cine St Louis Mo 


Editors Note This manuscript received In The 
accepted for publication April 195S 


Laryngoscope Office and 


983 


982 


FARRIOR STAPES OPERABILITY 


To be published (When I presented this material at the Academy I 
learned that Ruedi was conducting a parallel stud\ and that man's ot 
his ideas are similar I have been unable to obtain a copy ot his paper 
and this refeienee is included here for completeness ) 
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gol, 53 246, 1944 

9 Guild, S R Eaih Stage of Otosclerosis Arch Otolaryngol 12 457, 
1930 

10 Guild S R Correlations of Histologic Obseri ations and the Acuity 
of Hearing Acta Otolaryngol t 17 207, 1932 

11 Eggstojt, Akdrew, and Wolf “Histopathology of Ear, Nose and 

Throat ” Williams & Wilkins Co , Baltimore, 1947 

12 Liadsai, Johis R SMnposium on Stapes Mobilization The 
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MICHIGAN MAN WINS HEARING SOCIETY AWARD 

Stuait L Edmonds, Midland, Mich, was lecently named 
winnei of the Amencan Healing Society’s Kenfield Memonal 
Scholaiship, an awaid made annually to a piospective teacher 
of lipieadmg Mi Edmonds is the fust man to receive the 
honoi since establishment of the scholaiship fund m 1937 

Mi Edmonds has a bacheloi’s degree m speech collection, 
University of Michigan, and a mastei’s degree m education, 
Eastern Michigan College of Education, Ypsilanti He has 
taught speech collection in his home State foi five years 

He is cuirently employed as field service consultant for the 
Michigan Association foi Bettei Hearing, a job which has 
acquainted him with the uigent need foi teacheis of lip- 
reading Thiough funds fiom the scholaiship, he plans to 
take a course at Noithwestem University m Methodologies 
for Teaching Speech Reading 
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biaues and ligaments The apex of this cone-shaped stiuc- 
tuie ends just supenoi to the antenoi commissure of the tiue 
vocal cord, and is less than one-half the distance between the 
supenoi notch and the mfeiioi boidei of the thyroid cartilage 
(see Fig 1) 

Studies of laiynges lemoved foi pnmary malignant tumois 
of the epiglottis may show an invasion of the tumoi into the 



Fig: 2 Surgical Criteria Lateral view of epiglottis and pre-eplglottlc 
space \ ertlcal section The dotted line includes the area removed with a 
radical neck dissection 


pieepiglottic space, and anatomically this space is quite sepai- 
ate from the true vocal cords 13 In less advanced epiglottic 
carcinoma, when the lowei edge of the tumoi is at the legion 
of the petiole, there may be microscopic evidence of further 
extension of tumor to the false coids Extension to the an¬ 
terior commissure of the true cords, ventricle, aryepiglottic 
fold or arytenoids is a late manifestation In the latter in¬ 
stance, a bilateral neck dissection with total laryngectomy, 
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on embiyological, anatomical, clinical and pathological pm 
ciples The embiyological studies of Most 11 and the woik of, 
Rouvieie 13 show that the lymphatic pathways fiom the supia- 
glottic aiea aie independent of those fiom the true coids and 
the subglottic aieas -The supiaglottm poition of the lawns 
develops fiom the pumitive phaiynx while the glottis and 
subglottic aiea are denved from the supenoi extiemity of 
the tiacheal tube The ventnculai bands, epiglottis and the 



Fig- 1 The relation of the anterior commissure to the thyroid cartilage 
Note the Inferior position of the anterior commissure— A From the superior 
border of the thyroid cartilag-e S JLou power \ertical section 


anterior pait of the aiyepiglottic fold anse fiom the fourth 
bianchial arch The separate lymphatic collecting pathways 
from the supiaglottic and the cordal with subglottic aiea 
would suggest that the two sites could be divided fiom one 
another without violating sound pi maples of cancel suigevy 

The preepiglottic space anatomically is confined between 
the hyoid and antenoi commissuie of the hue vocal coids, 
shaped like a pyi amid with the base up, and bounded laterally 
by the hyoepiglottic and hyothyioid and thyioepiglottic mem- 



OGURA RADICAL NECK DISSECTION 


987 



Fig A The Incision Note curbed incision to minimize secondary con¬ 
traction 


fiom epiglottic carcinoma, continuity en bloc removal of tlie 
primary lesion and the cervical nodes must be done as a one- 
stage procedure if one is to maintain good oncologic prin¬ 
ciples Such an operation would create a largeT pharyngeal 
opening and would necessitate some method for closure In 
South America a secondary operation has been found neces¬ 
sary 8 * It is mv purpose to demonstrate that primary closure 
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m my expel lence, has often been necessaiy LeRoux-Robert" 
has demonstiated that caicmoma of the epiglottis seldom ex¬ 
tends below the coids into the subglottic aiea, hence, on an 
embiyological, anatomical and pathological basis it should 
be possible, m selected instances, to lemove the entue lesion 
and preseive the function of the tiue vocal coids if the re¬ 
sulting phaiyngostoma could be closed 



Fig: 3 Surgical Criteria Mirror \ lew of lar> n\ dotted line Indicates 
area of excision 


Some surgeons have tiled to solve the pioblem of suigi- 
cal excision by a transhyoid phai-yngotomy appioach and 
amputating the epiglottis without hoiizontal tiansection of 
the thyioid cartilage Obviously, the entire pieepiglottic 
space cannot be lemoved by this method The laryngofissure 
appioach has the disadvantage m that the uppei end of the 
incision will open the preepiglottic space and divide the coids 
at the antenoi commissuie 

Since metastases to the lateial cervical nodes are fiequent 
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I 

1 _ 

Fig: 6 Thvrold cartilage Is divided transAerselv one-third the distance 
from thArold notch to the inferior border 

2 The lonei boidei of the tumoi should not extend below 
the petiole It is better if there is a gieatei maigm of safety 
between the lowei bolder of the tumoi and the antenoi com¬ 
missure of the true vocal cords 

3 Lateial infiltration of the arytenoepiglottic folds and 
arytenoid edema must be absent 

U The base of the tongue should be cleai of tumoi— (when 
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t 




f 


Fig- 6 Radical neck dissection completed Note attachment to h>° 
thj rold area sternohjoid and hjothvrold muscles are severed and h> 010 
bone Is dU ided in mldllne 



of this defect can be accomplished m one opeiation with 
lestoiation of the deglutition and coidal function 

SURGICAL CRITERIA 

1 The tumoi involving the epiglottis should be limited en¬ 
tirely to the caitilagmous laiyngeal suiface, pieferably more 
Jtowaids the fiee suiface (see Figs 2, 3) 
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Fie S The lateral lar\ neo-pharMipeal Trail is opened inferiorlj alone 
the posterior larA ngophar\mx. 


frequently with exophytic lesions, thej aie moie favoiable 
clinically than those that aie infiltiative and ulceiative 

S Clinical invasion of the hyothyioid membiane should be 
absent 

9 If nodes aie not palpable, a neck dissection is done on the 
side on which the tumoi seems to shov the gieatest extent 
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Fig 7 The pharynx Is entered In the region of the \allecula and lateral 
glosso-eplglottlc fold 


the tip of the epiglottis on the glossal surface shows some 
tumoi, a section of the base of the tongue is lemoved) 

5 The tiue vocal coids should be fiee of tumoi and show 
no impaiiment of motion 

6 There should be no gioss evidence of false coid invasion 

7 Because extension into the pieepiglottic space occurs less 
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Fig 10 Dissection inferior^ and posterior to the superior cornu of the 
thvrold cartilage towards the horizontall\ transected th\ roid cartilage 


and endotiacheal anesthesia is started A neck dissection is 
cairied out m the classical fashion descubed by many authois 
ovei the past five decades c lc ~-° The classical incision that 
has been modified and descubed by Huffman and Lieile has 
been used in this operation (see Fig 4) The neck dissection 
in this instance differs fiom the usual proceduie m the fol¬ 
lowing aspects No attempt is made to pieserve the spinal 
accessors nerve whether oi not nodes aie palpable The 
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10 Bilateial palpable nodes wan ant a bilateial neck dis¬ 
section , 

11 Laiyngograms using Diomsil as a contrast media aie o 

gieat value 15 

technique 

A pielimmary tiacheotomy is done undei local anesthesia 
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Fig 12 A thick split thickness skin graft is sutured on a muscle 
rotation flap 

The suprahyoid muscles aie separated from the hyoid bone 
on the side of the neck dissection to the midline, and the 
hyoid bone is divided in the midline and giasped with a tenac¬ 
ulum to be held mfenorly for a landmark (see Fig 5) It is 
not separated from the specimen 

The thyroid cartilage is transectioned with a Stryker saw 
at a level one-third of the distance betv een the thyroid notch 
and the inferior border (see Fig 6) 
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Pig- 11 The aryepiglottic folds are sectioned close to the arytenoid 
and carried anteriorly Into the horizontal!} transected thyroid cartilage, 
this separates the false cord-ventricle from the true yocal cords 

stemothyioid and sternohyoid muscles aie tiansected at 
the lowei level of the thyroid cartilage on the side of the 
tumoi to the midlme A complete block neck dissection is 
perfoimed, but the specimen is left attached to the lateral 
thyrohyoid aiea The thyioid lobe on the side of the neck 
dissection is removed, and great caie is given to pieseive the 
recunent laryngeal neive 
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cision is cairied postenoily to the supenoi segment of the 
hoiizontally tiansected thyioid cartilage Foi furthei mobili¬ 
zation, the base of the tongue is sepaiated fiom the epiglottis 
acioss the midlme (see Figs 8, 9, 10) 

The ipsilateial aryepiglottic fold is now sectioned close to 
the aiytenoid cartilage Caie should be taken not to expose 
the arytenoid cartilage The ipsilateial false coid is sepaiated 
from the tiue coid, and at the same time furthei sepaiation 
is earned antenoily and lateially into the pieviously tian¬ 
sected portion of the thyioid cartilage Dissection is then 



Fig- 14-A. Specimen remo-v ed 


earned towaids the antenoi commissuie of the tiue vocal 
coids sepaiatmg it fiom the ventucle, false coid and epi¬ 
glottis As dissection is earned acioss to the opposite side 
it will include a segment of the opposite tiansected thyioid 
cartilage, but less lateial laryngopharyngeal wall is sacnficed 
The contialateial false coid is divided fiom the time coid 
and final sepaiation of the contralateial aryepiglottic fold 
close to the arytenoid is the last step (see Fig 11) In this 
mannei the entile pieepiglottic space togethei with the epi¬ 
glottis, false coids, aryepiglottic folds and most of the ven- 
tncle (except its inferioi suiface lepiesented by the supenoi 
surface of the tiue coid) is removed 
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Fig- 13 Larjng:ophann\ approximated uitli two Itneis of Interrupted 

Bilk 


On the side of the neck dissection, the steinothyioid and 
sternohyoid muscles aie divided tiansveisely fiom the midhne 
towaid the side of the neck dissection 

A phaiyngostoma is cieated by entenng the phaiynx su- 
peiioi and lateial to the vallecula (in the legion wheie the 
supiahyoid muscles weie sepaiated fiom the hyoid (see Fig 
7) With shaip dissection the entile lateial laiyngopharyn- 
geal wall is sepaiated fiom the postenoi wall, and the in- 
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A Peniose chain is placed into the lateial neck area, and the 
skm is closed by approximation of the subcutaneous tissues 
with silk and mtenupted silk foi the skin A tracheotomy 
tube is inserted following removal of the endotiaclieal tube 

In the event that a bilateial neck dissection is necessary, 
then theie are no stiap muscles to lotate since they aie re¬ 
moved with the tiansected thyroid cartilage In this case the 
entile tongue is mobilized and the laryngopharynx is oblitei- 



FJgr 15-A- Specimen removed bilateral neck dissection 


ated by suturing the base of the tongue to the remaining 
larvnx In the postoperative period, antibiotics and feeding 
by nasal tube is started 

RESTITUTION OF DEGLUTITION 

It is obvious that smce both superior laryngeal nerves are 
sectioned bv this supraglottic approach, feeding difficulties 
will develop 

After a period of ten davs to two weeks, the patient is 
allowed to take food bv mouth The patient must relearn 
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Fie: 14-B Post-operatI\e result 

A nasal feeding tube is passed into the stomach AJaige 
muscle lotation flap is now cieated (see Fig 12) The op¬ 
posite .sternothyroid, thyiohyoid muscle is dissected fiee fiom 
the larynx and tiachea and fiom the* hyoid bone The flap 
can now be rotated, and a thick split thickness skin giaft is 
sutuied to the undei surface of the muscle The muscle flap 
and skin giaft close off the phaiyngeal defect by approxi¬ 
mating it with the constuctoi muscles Uusually two or 
thiee layeis of lemfoicmg sutures will be necessary (see 
Fig 13) 
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fust some matenal may be aspnated into the tiachea, but 
aftei seveial days of effort all of oui patients weie able to 
overcome tins handicap Once effective deglutition is estab¬ 
lished, the tiaclieotomy opening may be closed All of our 
patients have a good voice immediately 

RESULTS 

Fifteen patients with epiglottic caicmoma have been opei- 
ated upon with unilateial neck dissection and one with a 
simultaneous bilateial neck dissection (see Figs 14, 15) In 
foui othei patients with lateial laryngopharyngeal wall can¬ 
cel, the tianshyoid appioach without lemoval of any portion 
of the laiynx entailed closuie of the pharynx by the lotation 
of a muscle flap and skin giaft Expenences m the entne 
gioup thus fai extends to a thiee-and-one-half yeai followup 
peiiod No local lecunences have lesulted m the lemaimng 
laiynx to date Fixation of vocal coid occuned in one in¬ 
stance wheie the arytenoid caitilage was exposed One pa¬ 
tient died of a coionary occlusion one year aftei surgeiy, and 
autopsy showed no evidence of caicmoma Seven of fifteen 
patients had positive nodes confnmed pathologically The 
high fiequency of metastatic nodes from epiglottic caicmoma 
is suggested m this small senes 

Secondary neck dissection has been necessary m one in¬ 
stance In this patient a node became palpable six months 
aftei the fust opeiation 

SUMMARY AND CONCLUSION 

Fifteen patients with caicmoma of the epiglottis have been 
opeiated upon, using a technique foi en bloc lemoval of the 
pnmary lesion, togethei with a ladical neck dissection 

Reconstiuction of the laiyngopharynx by a muscle flap and 
skin giaft has been effective m the eaily lehabilitation of the 
patient 

Pieseivation of the function of the true vocal coid is pos¬ 
sible The patients can have not only a good voice and a 
normal ail way, but also aie able to swallow normally mthout 
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Fig: 15-B PostoperatHe result 

deglutition At fust it is a conscious effort on the pait of 
the patient, but latei swallowing becomes a leflex act Thin 
ceieal is tolerated more easily than watei until the patient 
becomes accustomed to the sensation of the passage of food 
In the initial attempts at swallowing, the tiacheotomy tube is 
closed with a coik, and the patient is told to swallow and 
bieathe out utilizing the laiynx to cleai the mucous and food 
fiom the tiue vocal coids Usually foi one small amount of 
food this piocess of dealing the thioat with swallowing must 
be lepeated seveial times to swallow a bolus effectively At 
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IS Bbowx J B and McDowell, F Neck Dissection ” C C Thomas 
Springfield Ill 1954 

19 Huffman TV L., and Lierle D M Neck Dessection PJas and 
Rcconst Surg 11 115 146 1953 

20 Pressman J J Extended Retro hvoid Radical Neck Dissection of 
Cancer of the Oral Cavit\ and Neck Surg Qyncc and Obst 100 329 344 
March 1955 


POST GRADUATE COURSE IN RHINOPLASTY, 
RECONSTRUCTIVE SURGERY OF NASAL 
SEPTUM AND OTOPLASTY 

An intensive post giaduate couise m Rhinoplasty, Re¬ 
constructive Smgery of the Nasal Septum and Otoplasty 
will be given July 12, 1958, to July 26, 1958, by Di Irving 
B Goldman and staff at the Moun t Si nai Hospital, New 
Yoik, m affiliation with Columbia Univeisity 

Candidates foi the couise should apply to Registiar for 
Postgraduate Medical Instiuction, the Mount Sinai Hospital, 
Fifth Avenue and One-Hundiedth Stieet, New Yoik 29, 
New Yoik 
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the piotective function of the epiglottis, aiyepiglottic folds 
01 false coids * 
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1955 (each nasopharvngeal area was treated through a lateral portal 
6x7 cms each portal received a total of 600 r in air) There was tem 
porarv relief of s\raptoms following the Xra\ tlierapv until December 
14, 1955 when she again complained of the ‘popping and fullness in the 
right ear which she felt was worse than ever Examination with a 
nasopharvngoscope shoved the central adenoid mass to be about the 
same 



FIgr 1 True cholesteatoma (epidermoid) of the left occipital and tem¬ 
poral bones ^ ith in\a»lon of some of the mastoid cells but without in- 
vohement of the middle or Inner ear Approximate measurement 3 5x4 5 
cms Lateral \ lew 


Various medications including antihistamine and vasoconstrictor drugs 
were helpful only at times 

On March 5 1956 the patient complained of dizziness which had been 
present for two or three weeks She found it difficult to describe this 
dizziness It was not a whirling sensation but an unsureness or a light 
headedness akin to giddiness It had come on without warning and did 
not seem to be related to her ear svmptoms of * popping" or fullness It 
was worse when she looked up but could be relie%ed b\ bending her 
head down or by chewing gum. 





PSEUDO-VERTIGO FROM TRUE CHOLESTEATOMA 
OF THE SKULL *f 

Shirley Harold Baron, M D , 

San Fiancisco, Calif 


Tiue epithelial cholesteatomata onginatmg m the cianial 
chamber elsewheie than m the middle eai aie uncommon 
They lepiesent only a fi action of one pei cent of intiacianial 
neoplasms as a whole , 1 and aie seldom, if evei, thought of as 
a cause of dizziness An exception to the 1 ule is the case to be 
leported m which skull X-iays levealed a laige cholesteatoma 
of the left occipital and tempoial bones This tumoi, though 
not involving the middle 01 mnei eai, pioved to be the cause 
of the patient’s dizziness 


CASE REPORT 


Mrs J > age 43, the wife of a pbvsician, was seen fiist in June 1953, foi 
an acute bilateral, suppurative, maxillarv sinusitis It was not until 
three years later that she complained of dizziness In the interim she 
was seen many times 

In February, 1954, she complained of a dullness and ‘ popping” m her 
right ear following an airplane trip In March, 1954, she complained of a 
peculiar sensation, a dullness in both ears An audiogram done then 
showed normal healing There was no disease noted excepting boggy 
nasal turbinates suggesting a vasomotor rhinitis In November, 1954, the 
patient complained of discomfort in the left side of her face with some 
pain referred to the front of her left ear and a ‘ filling up” in both eais 
A week later the ear sensation had disappeared, but theie was still a 
feeling of “something being in the left side of the nose and face This 
eventually disappeaied 

In June, 1955, the patient complained again of a feeling of fullness in 
both ears with intermittent “popping’ and a small tendei aiea back of 
her left mastoid This tenderness was thought to be due to an inflamed 
lymph node (The patient had some scaling of her scalp in this iegion) 

On August 2, 1955, she still complained of intermittent ‘popping ’ and 
fullness in her ears Examination with a nasopharvngoscope showed a 
small amount of lymphoid tissue above each torus and in the vault of 
the nasopharynx X ray therapy to the nasopharynx was suggested and 
then administered bv a roentgenologist between August 5 and August 22 


To IT thf* meeting of the Western Section American Lar> ngologricnl 
RhlnolOBloal iLnd Otololical Socletj Inc Beverlj Hill, Calif Jan 18 1-158 
^ tha Tipnartment of Surger.v Division of Otolao ngoioRv Stanford 
Unhe?St! h Me D aiwl School and the Department of Otolarj ntrolosrj Mount 

^trttfoTr'Ko'te This manuscript received in The Larj mjoscope Office and 
aJeWedWr publication March 4, 1958^ 
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1955 (each nasopharvngeal area was treated through a lateral portal 
6x7 cms each portal received a total of 600 r in air) There was tem 
porar\ relief of svmptoms following the Xm therapv until December 
14, 1955 when she again complained of the popping and fullness in the 
right ear which she felt was worse than e\er Examination with a 
nasopharvngoscope showed the central adenoid mass to be about the 
same 



Fig 1 True cholesteatoma (epidermoid) of the left occipital and tem¬ 
poral bones 'ulth Imasion of some of the mastoid cells but without In- 
\ol\ement of the middle or inner ear Approximate measurement 3 5x4 5 
cms Lateral lew 


Various medications including antihistamine and vasoconstrictor drugs 
were helpful onlv at times 

On March 5 1956 the patient complained of dizziness which had been 
present for tvo or three weeks She found it difficult to describe this 
dizziness It was not a whirling sensation but an unsureness or a light 
headedness akin to giddiness It had come on without warning and did 
not seem to be related to her ear symptoms of popping'’ or fullness It 
was worse when she looked up but could be relieved b\ bending her 
head down or bv chewing gum 



PSEUDO-VERTIGO FROM TRUE CHOLESTEATOMA 
OF THE SKULL *f 


Shirley Harold Baron, M D, 
San Fiancisco, Cahf 


Tiue epithelial cholesteatomata oiigmatmg m the ciamal 
chambei elsewheie tlian m the middle eai aie uncommon 
They lepiesent only a fiaction of one pex cent of mtiamama 
neoplasms as a whole, 1 and aie seldom if eyei, thought.of as 
a cause of dizziness An exception to the 1 ule is the case to be 
xepoited m which skull X-iays levealed a laige cholesteatom 
of the left occipital and tempoial bones This tumoi though 
not mvolvmg L middle 01 .mei eai, pioved to be the cause 

of the patient’s dizziness 


CASE REPORT 

Hr. J , M. «. the *11. »' *S'nofinS 
"/el “fa ™ e complained ot dtelnes. In the Interim sire 

was seen man) times 

_ . lQ c a Khe complained of a dullness and ‘popping” ,iel 

In Februarj, 1954, BUe Match 1964, she complained of a 

right ear following an agane Wp J ears An a 'udiog,«m done then 
peculiar Bensatlon, a dullness disease noted excepting bogg> 

showed noimal h e^* ln jJ^orartor rhinitis In Notembei 1964, the 
nasal turbinates ^gsesting vas left slde of hei face with some 

patient complained of discon 1 d . fil iing up - j n both eais 

pain referred to the front of he gft ^appealed, but theie was still a 

tesfjrz&s srA „a p . p «,............,... ». 

e\ entuall' dlsappeaied lained agaln 0 f a feeling of fullness in 

In June, 1955, the patient co W a■, an | a gmall tendei aiea back of 
both ears with iBt ^” lU t t ®' L, r n e sg pf 3 thought to be due to an inflamed 
her left mastoid patient bad some scaling of her scalp In this legion) 
ljmph node ( complained of intermittent popping' and 

On August 2, 195o, sl ' e8 ^ ttt(on pith a nasopharyngoscope showed a 
fullness in her ears &bo;e each tot us and in the mult of 

small amount of bmphol tiss ^ tfae nas0 pharyn\ was suggested and 
the nasopharynx Xr tg) P ao ioglst between August 5 and August 22, 

then administered bj a roemgc 

„ m fl9tPfn Section American Lar\ nffologica] 

•RenU at the meeting of thes V,>® 8l j e nc B et erH Hills Cnllf Jan 18 1BB8 
Tjamologlcal and Otological So J islon of Otolar) ngolog' Stanford 

^^fFron^ the^I^epartnien^of^SurgerN^DJt is^n^^ ^ otolarJ ngo.ogi Mount 
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1955 (each nasopharvngeal area was treated through a lateral portal 
6x7 cms each portal received a total of 600 r in air) There was tem 
porarv relief of svmptoms following the X ra\ therapv until December 
14, 1955 when she again complained of the popping * and fullness in the 
right ear which she felt was worse than ever Examination with a 
nasopharvngoscope showed the central adenoid mass to be about the 
same 



Fig 1 True cholesteatoma (epidermoid) of the left occipital and tem¬ 
poral bones with in\asion of some of the mastoid cells but without In- 
voh ement of the middle or Inner ear Approximate measurement 3 5x4 5 
cms Lateral ^ lew 


Various medications including antihistamine and vasoconstrictor drugs 
were helpful onlv at times 

On March 5 1956 the patient complained of dizziness which had been 
present for two or three weeks She found it difficult to describe this 
dizziness It was not a whirling sensation but an unsureness or a light 
headedness akin to giddiness It had come on without warning and did 
not seem to be related to her ear symptoms of popping” or fullness It 
was worse when she looked up but could be relieved bv bending her 
head down or by chewing gum. 
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baron pseudo-vertigo 



, j „ nViornro in the appearance of the nasopliarj nx 
Examination showed n normal The audiogram showed a slight 

The eardrum membranese ears db at 250 and 10 db at 500 

loss in hearing for low tones m cc lce nater) test for vestibular 

ination revealed no atoonm_ ^ ^ ^ q[ dlminlshed 

The skull was X rayed j and temporal bones encroaching upon 

density involving the lei .. of mastoid process but not In 

some of th ^ e mi P d n d e in? inner ear This defect measured about 3 6x4 cms 
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(see Figs 1, 2) The lesion was considered to be a true cholesteatoma 
or epidermoid It was felt that it should be removed surgicallv 

Surgery was done on April 2 1956 with Dr O W Jones a neuro- 
surgeon who used a craniotomv approach over the site of the choles¬ 
teatoma A small horseshoe-shaped incision was employed the anterior 
limb starting at the tip of the mastoid process curving upward, then 
backward and down tVhen the pericranium was reflected caudallv, 
grumous pearb gra^ material characteristic of a cholesteatoma was 



Fig 3 Tantalum plate covering the defect in the skull resulting from 
surgical removal of the cholesteatoma Lateral view 


found posterior to the tip of the mastoid process Further exposure was 
obtained by removing some of the outer table of the skull toward and 
including the occipital bone It was then possible to remove the sac 
of the cholesteatoma from the dura which cohered the left cerebellar 
hemisphere and the lateral sinus The dura was compressible and trans 
parent and about one-half Inch below its surface the partiallv atrophic 
cerebellum could be seen There was fluid between the dura and the 
cerebellum The attachment of the tentorium had been displaced mesially 

After Dr Jones removed the sac from the dura I removed that portion 
of the sac wall which had eroded the mastoid cells This was done with 
magnified vision and required removal of some of the underiving mastoid 
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Fig 4 Same as Fig 1 3 sub-mentor ertical \ lev 


cells for complete elimination of the matrix When these cells v> ere 
removed, the mastoid antrum came into lew Its lining membrane 
appeared healthy and untnvolved 

Gelfoam was placed into the mastoid antrum and into the defect in 
the mastoid cells made at surgeo and by the lesion itself A tantalum 
plate was fashioned for the defect in the skull and held in place vith 
two sutures of tanalum wire (see Figs 3 4) The scalp was closed, 
layer b} Ia>er, with sutures of njlon 

The course was uneventful The left tMnpanic membrane examined 
the day after surgerv, showed the bluish color of a moderate liemotjm 
panum* which disappeared within four veeks There was a feeling of 
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fullness, but not of deafness The sutures were removed on the fourth 
postoperative day The patient was dismissed on the next day 

The dizziness disappeared following surgery and has not recurred to 
date The patient has complained of a sensation of an echo in her left 
ear but feels that her hearing is normal She still experiences ‘ popping” 
in both ears An audiogram done on June 14 1957, revealed a slight loss 
of hearing as compared with that of February, 1954, but the slight loss was 
about equal for both ears The readings were for the right ear 250 20, 
500 10 1000-0, 2000 5 4000 10, 8000 15, for the left ear 250 25 500 10, 

1000 minus 5 2000 10,4000 10 8000 5 

COMMENT 

The discovery of such a large lesion of the skull in this patient the 
wife of a physician after she had been under my care for three years 
was a bit embarrassing for, considering its size, the cholesteatoma must 
have been present all of those three years probably longer, jet In 
retrospect, there was_ nothing that suggested an indication for Xrajs of 
the skull until the symptom of dizziness appeared 

The use of nasopharyngeal Irradiation, worthless to this patient merits 
criticism This is self-criticism and criticism of others who have de¬ 
veloped the habit of resorting to irradiation therapy as a crutch for the 
patient with tubal symptoms when no other treatment seems available 
Irradiation therapy In patients with more defined tubal symptoms has 
proven disappointing in my experience so certainly there was little ex 
cuse for mj having suggested it here 

The sensation of an echo In the left ear is difficult to explain The 
alteration in the mastoid air cell system could hardlj be considered a 
cause in view of the fact that an echo sensation does not exist in those 
patients who have had mastoidectomies which result in a much greater 
alteration in the mastoid anatomy 

It is unlikely that the intermittent ear popping Is related to the 
skull cholesteatoma It is probably the result of the vasomotor instability 
of this patient 


DISCUSSION 

Since there occasionally exists some confusion m the teimi- 
nology of the classification of cholesteatomata, it might be 
worth while to review Wittmaack’s 3 4 classification, which is 
generally used Sometimes the terms “tiue cholesteatoma” 
and “piimary cholesteatoma” aie used interchangeably, but 
incorrectly so Recently Day 5 titled a paper, ‘‘A Piimary 
Cholesteatoma of the Middle Ear,” but in the text of his 
article he lefened to the lesion as a “cholesteatoma verum” or 
a true congenital cholesteatoma The mcoirect use of “pii¬ 
mary” in this instance was piobably an oveisight 

A cholesteatoma is a tumoi which is sunounded by a thin 
shell of epidermis and connective tissue in which is accumu¬ 
lated desquamated homy epithelium Wittmaack classified 
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Fig- 4 Same as Fig 3 sub-mento-\ertlcal \ lew 


cells for complete elimination of the matrix When these cells Vvere 
remoted, the mastoid antrum came into \iew Its lining membrane 
appeared liealtln and unlnxohed 

Gelfoam was placed into the mastoid antrum and into the defect in 
the mastoid cells made at surgerj and b\ the lesion itself A tantalum 
plate was fashioned for the defect in the skull and held In place with 
two sutures of tanolum wire (see Figs 3, 4) The scalp was closed 
layer b} la^er, with sutures of mlon 

The course was une\entful The left tympanic membiane examined 
the da^ after surgery, showed the bluish color of a moderate hemotjm 
panum which disappeared within four weeks There was a feeling of 
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teatoma of the temporal bone which had not been recognized 
previously in spite of the fact that the X-iay showed a defect 
m the skull three yeais eaihei 

The moie common situations of a tiue cholesteatoma aie 
1 m and about the tempoial bone, 2 m the leptomenmges 
of the ceiebral base, 8 m the cerebral ventiicles, these last 
being endothelial tumois, and U m the bones of the skull at 
places i emote fiom the middle eai, such as the occipital, 
parietal oi frontal bone The lattei aie of the epidermoid 
variety alone and seem to ongmate between the two tables 
of the skull, the mnei table being the fust one to become 
ballooned out and absorbed as the growth enlaiges Such a 
tumor is repiesented by the lesion found in the case leported 

Cushing ventured the opinion that true cholesteatoma 
rather than pseudocholesteatoma may be the lule m the middle 
ear cholesteatomas, and that the cholesteatoma is responsible 
for the otitis media rathei than the leverse Except for the 
pi unary type of pseudocholesteatoma, it is unlikely that any 
otologist would support Cushing’s view 

Pseudocholesteatoma The pnmary, or genuine type is 
thought to come fiom a spontaneous peifoiation of Shiapnell’s 
membxane The peifoiation itself is the result of marked 
epitympanal absoiption of an from a shutting of the tubo- 
tympamc space by adhesive bands that are thought to occur 
m the couise of otitis neonatorum From the maigms of 
the peifoiation epithelium invades the attic of the tympanum 
(epitympanum) and the antium of the mastoid process and, 
with the accumulation of the trapped products of desquama¬ 
tion, the pseudocholesteatoma gradually enlarges, causing 
piessuie larefaction of the undeilying bone This type usual¬ 
ly is seen only when secondary suppuiation occuis, oi when 
complications ansing fiom increased inti acranial pressuie 
cause death They have been discovered during life as the 
result of a search foi the cause of piogiessive deafness m 
certain patients 

The secondary type of pseudocholesteatoma is the sequel of 
a chronic otitis media m which the epithelium from the ex¬ 
ternal auditory canal, or from the maigm of the tympanic 
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cholesteatomas into two mam types 1 tiue cholesteatoma, 
and 2 pseudocholesteatoma The pseudocholesteatomas aie 
divided into a the pumaiy, oi genuine, type, and h the 
secondaiy type 

Tine Cholesteatoma This tumoi is consideied to be denved 
fiom an embiyomc lest and consists of concentnc polygonal 
lamella, composed of epideimoid cells which aie devoid of 
nuclei Between these lamellas aie found cholesteiol crystals 
m gieatei oi lessei quantity Sunoundmg the mass is a 
membiane, the cholesteatoma matux, which has an outei 
layei of connective tissue attached to bone, and an mnei 
epideimal layei These aie lefened to m Bancioft 0 as “epi- 
deimolds ” He states, “Epidei molds, sometimes loosely called 
‘cholesteatomas,’ occasionally anse m the diploe of the skull 
The lesions aie congenital and aie leally cysts lined with 
squamous epithelium and entaely filled with flaky white 
epithelial debus ” 

Theie is no lecognizable diffeience pathologically between 
the “tiue” and the "pseudo” cholesteatoma 

The tiue cholesteatoma, also known as peaily tumoi, is 
found m the skull, not usually associated with the ear 

Cushing, 1 m 1922, m a veiy excellent article, associated 
the names of Ciuveilhiei, Johannes Muellei and Vnchow with 
tlie tiue cianial oi intiacianial cholesteatoma, and ciedits 
Ciuveilhiei with coming the name “peaily tumoi ” 

Cushmg stated, “The cholesteatomata l emote fi ora the tem- 
poial bone aie unusual tumois, and certain types of them 
excessively so They aie so uncommon, indeed, and excite so 
much mteiest when disclosed unexpectedly postmortem, oi 
moie laiely m the couise of an opeiation on the biam, that 
they aie pi one to find their way into medical bteiatuie So 
fai as I am awaie, the condition has nevei been diagnosed 
except at autopsy oi opeiation Certain of these lesions, 
howevei, despite then obscunty, should be quite capable of 
recognition because of the ehaiactenstic changes m the bone 
which the X-ray may disclose ” 

Cushing reported an inteiesting case of a veiy large choles- 



REPORT OF A RECENT STUDY ON 
DIHYDROSTREPTOMYCIN 
OTOTOXICITY 

Aram Glorig, M D , 

Los Angeles, Calif 

INTRODUCTION 

The ototoxicity of stieptoraycin (SM) and dihydrostiepto- 
mvcm (DHSM) has been lecognized since 1946 Soon aftei 
streptomycin first became available foi tlieiapeutic purposes 
untoward effects centeung mainly around the yestibular 
system weie noticed Attention was duected towards these 
effects by patients' subjectne complaints of vertigo, loss of 
visual focus, imbalance, slight sensations of nausea and e\en 
spontaneous nystagmus On the stiength of these complaints 
and at the suggestion of Di Edmund P Fowler, Ji , the 
author conducted a study designed to determine the extent 
and location of the lesion apparently pioduced by strepto¬ 
mycin The results of the study weie leported m 1947 m the 
Annals of Otology , Rhmology and Lai yngology 

Shortly after the completion of tins first study, about 1948 
or 1949, theie appealed on the maiket a modification of strep¬ 
tomycin called dihydrostreptomycm When dihvdrostrepto- 
mycm was used as a tlieiapeutic agent, complaints related to 
yestibular pathology weie less numeious Dihydiostreptomy- 
cin seemed to be less toxic than stieptomycm We weie soon 
to disco\er, howe\ei, that the one set of symptoms were 
replaced with another Instead of showing ^estibulai symp¬ 
toms, numerous patients began to show evidence of hearing 
loss This was indeed a complete change It was somewhat 
of a surprise and, at first, qmte unbelievable Some of the 
patients began to ha\ e difficulty communicating when spoken 

•Head at the meetlnp of the Western Section American Laryncrological 
Soclet\ Inc. Beverlv Hills Calif Januarv l$ i^5S 

tResearch Center Subcommittee on Xolse In Industr\ X,os Anpele^ Calif 
Editor a Xote This manuscript received In The ‘LaTvngoscope Office and 
accepted for publication March 1 1^5S 
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membiane, invades the middle eai 01 the epitympanum and 
the antrum of the mastoid piocess It progiessively mci eases 
m size m the pattern descnbed foi the pumary type of 
pseudocholesteatoma 


SUMMARY 

A lepoit of a patient having had a foim of dizziness caused 
by a tiue cholesteatoma of the skull has been piesented 
This tumoi was situated in the left occipital and temporal 
bones with invasion of some of the mastoid cells but without 
involvement of the middle 01 internal eai The ongm of 
this cholesteatoma was pi obably m the diploe of the occipital 
bone 

This patient's dizziness, a pseudo-vertigo, was cuied by the 
surgical lemova 1 of the cholesteatoma The suigical technique 
has been described with the aid of slides of photogiaphs m 
coloi taken duung the suigeiy 

The dizziness undoubtedly was caused by piessuie of the 
cholesteatoma upon the left hemispheie of the ceiebellum, 
which evidenced some atiophy (as seen thiough the tians- 
paient duia) at the time of surgeiy Appaiently the suigical 
relief of this piessuie peimitted the letum of function 


CONCLUSION 


Tiue cholesteatoma of the skull without involvement of the 
middle 01 mnei eai must be added to the list of possible 
causes of the varied foims of dizziness 
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widespread published suppoit foi the belief that stiepto- 
mycm is much more toxic to the vestibulai appaiatus than is 
dihvdiostieptomvcm, and that dihvdiostreptomvcm is more 
toxic to the auditoiv system than is stieptomycm In general 
tlie recent articles also confirm eailier estimates of the amount 
of drug necessary to produce toxic effects Specifically, m 
the case of stieptomycm, if 1 to 2 gms pei day are used, 
yestibulai symptoms will usually occui m three to foui weeks 
If the dosage is limited to 1 gm tw ice a yy eek the appearence 
of symptoms is delayed consideiably The time of appeaiance 
of symptoms seems to be directly i elated to the total amount 
of diug used, and it also appeals to be dependent upon the 
amount of time between doses 

Similai statements can be made about dihydrostieptomvcm 
and its effect on the cochleai dmsion of the VUIth neire 
The healing losses pioduced by dih\drostreptomycm aie 
usually bilateial They aie pumanlv in the uppei fiequencies 
unless seveie losses occui, m which event the speech frequen¬ 
cies also are affected Most of the studies indicate that 10 
to 15 per cent of patients treated with dihvdiostieptonrv cm 
sustain a healing loss after the total dose reaches 50 to 60 
gms 

One point is yery cleailv made m most of the reports 
when lenal insufficiency exists, the toxic effects of the dxug 
are increased, and more seveie hearing loss results Tins is 
to be expected, as stieptomycm and dihydrostreptomvcm both 
aie secreted by way of the kidney, and lenal insufficiency, 
theiefore, laises the blood le\els considerably abo\ e that found 
in patients with noimal renal function, and causes mcieased 
ototoxicity 

Eailv in the couise of the studies of dilivdiostieptorm cm 
and streptomycin ototoxicity, there was some disagreement 
about the location of the lesion Tins author maintained m 
1947 that because of the selectivity of the toxic effects for 
higher frequencies, the lesion is a penpheral one It v as, and 
it still is, difficult for me to see how a selective healing loss 
m specific frequencies can be caused bv anv pathology' proxi¬ 
mal to the organ of Corti I am happy to leport that the 
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to m a loud voice, howevei, and it became appaient that 
fuithei leseaich to deteimme the ototoxic effects of dihydio- 
stieptomycm was needed With the coopeiation of the tubei- 
culosis depaitment at the Gallengei hospital and the medical 
division of Geoige Washington Umveisity m Washington, 
D C, the authoi conducted a study to deteimme the amount 
of healing loss pioduced m patients tieated with dihydio- 
stieptomycm This study was leported m the Annals of 
Otology, Rhvnology and La-ryngology in 1951 

On the basis of the lesults of these two studies, the follow¬ 
ing conclusions weie diawn 

1 Dosages of 1 to 2 gms of stieptomycm pei day admin* 
isteied foi penods of moie than 45 to 50 days may pioduce 
complete loss of the labynnthme function m many patients 

2 If the same legime as (1) is followed with dihydiostiep- 
tornycm, some 20 to 25 pei cent of patients will sustain con- 
sideiable healing loss, particulaily m the fiequencies fiom 
3000 to 8000 c p s 

3 Any patient leceivmg stieptomycm and particulaily 
dihydiostieptomycm should be tested loutmely foi changes 
m vestibulai and auditory function If dihydiostieptomycm 
is used, the healing tests should be continued foi at least six 
to nine months aftei tieatment has stopped, because many 
cases developed healing losses aftei tieatment had been dis¬ 
continued 

4 Because stieptomycm affects the vestibulai system pn- 
manly, it should be the diug of choice Many patients will 
compensate foi loss of vestibular function, but there is no 
satisfactoiy way to compensate foi healing loss 

LATER STUDIES 

A leview of the lecent hteiatuie levealed that the con¬ 
clusions stated above aie still valid Reports by Andeison 
m the Jowal of Lai-yngology and Otology, Liden m Acta 
Oto-lanjngologica Cawthome m the Butisli Medical Journal, 
and Hawkms et al m the Antibiotics Annual of 1956-57, con¬ 
firm the lesults of studies made piior to 1953 Theie is 
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Pi 101 to the theiapy, each patient was tested m a quiet 
room with a standaid audiometei at 500, 1000, 2000, 3000, 
4000 and 6000 cycles per second He was then tested twice 
a week foi four to six weeks duung the eaily part of the 
study Aftei this initial schedule was completed, each pa¬ 
tient •was tested once a week foi appioximately 90 to 100 


TABLE i 

Number of Audiograms Per Patient, 


No Patients 

Vo Audiograms 





19 

_ . ... _ 1S-2R 



T,enst per patient _ 

.. .. fi 

ATnst ner natient_ 

_ . _ . _5R 

-- : --- 


TABLE n 


Amount of Antibiotic Administered to Date of Report 


Patients 

treated 


Patients treated 

with DHSM 

(X = 51) 


with DIDRO (N = 4<D 

No with 

No with 

No 

No with 

No w ith 

no shift 

shift 

Grams 

no shift 

shift 


3 0_ 1 24_3 0 

12 0_25- 49 _1 0 


Wmm 

o 

50- 74 

R 

1 


1 „ 

75 99 

n 

1 


3 

_ _100-124 

.. U 

6 


1 „ 

1°5 149 


0 



150-174 

O 

4 



__175-199 

__0 

o 


0 _ 


_ _ 0 

0 


0 ... _ 

_401 „ 

i 

1 


q 


34 

15 


days and then once e\ery two weeks until discliaiged 01 lost 
to the study for one leason 01 anothei (see Table I) 

Fifty-one of the patients recened 1 gm of dihvdiostrepto- 
mvcm per day, and 49 received 1 gm of didrothenate per 
day Of the 51 patients lecening dihvdiostreptoraycm, nme 
showed an ele\ation in then auditors thresholds, and of the 
49 patients receiving didrothenate, 15 showed an ele\ation in 
their auditory thiesholds Table II shows how many of the 
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general conclusion now is that the lesion is undoubtedly in 
the end-organ, both in the case of the vestibular apparatus 
and the hearing mechanism 

EECENT DEVELOPMENTS 

A recent report of great interest to those of us concerned 
with the ototoxicity of these antibiotics stated that when 
pantothenic acid is added to streptomycin or to dihydrostrep¬ 
tomycm treatment is accompanied by less toxicity. Several 
German workers, Keller etaL m particular, reported m April, 
1956, that considerably less toxicity resulted m animals treated 
with either streptomycin or dihydrostreptomycm m combina¬ 
tion with pantothenic acid. Several studies were conducted 
in the United States, notably by Hawkins m 1956-57, to check 
the validity of the German claim Hone of these studies con¬ 
firmed the German conclusions 

Much of the research into the effects of pantothenic acid 
combinations has been done with animals, particularly cats 
and mice Because it appeared that pantothenic acid com¬ 
binations might be less toxic m animals, the Lederle Company, 
in cooperation with the Department of Medicine, University 
of California at Los Angeles, requested that a study be con¬ 
ducted under my supervision to compare in human subjects 
the effects of the pantothenic acid combination called didro- 
thenate (DLDBO) with the effects of regularly available 
dihydrostreptomycm It was agreed that tuberculous pa¬ 
tients would be used and that equal numbers would be treated 
with standard dihydrostreptomycm and didrothenate specially 
prepared by Lederle for experimental purposes In this way 
the toxicity of the drugs could be compared under controlled 
conditions 


PKESEXT STUDY. 

A total of 149 patients started m the program, but only 
100 of them are considered in this paper The remaining 49 
patients were excluded from the analysis, because they were 
discharged from the hospital for one reason or another be¬ 
fore they had received enough drug to be of use m the study 
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Pnoi to the therapy, each patient was tested m a quiet 
room with a standaid audiometei at 500, 1000, 2000, 3000, 
4000 and 6000 cycles pel second He was then tested twice 
a week foi foui to six weeks duung the eaily part of the 
study After this initial schedule was completed, each pa¬ 
tient was tested once a week for approximately 90 to 100 


TABLE I 

Number of Audiograms Per Patient. 

No Patients____Vo Audiograms 


100_1103 

IT . 6-12 

19_18*26 

14_ J2S-5S 

Least per patient_ 6 

Most per patient- 58 


TABLE II 

Amount of Antibiotic Administered to Date of Report- 


Patients treated Patients treated 

with DHSM (N = 51) _ with DIDRO (N = 49) 


No with Vo with No No with No \\ ith 

no shift _ shift _ Grams __ no shift _ shift 

3 0 _ . .. 1- 24_3 0 

12 0_25- 49 1 0 

4 2_ .50 74 _8 1 

3 1_75 99 _5 1 

10 3_100 124 _11 6 

3 1_ 125 149 2 2 

5 1_150 174 3 4 

2 1_175-199 _0 0 

0 0_250 274 0 0 

0 0_401_1 1 

42 9 34 15 


days and then once every two weeks until dischaiged or lost 
to the study for one leason oi anothei (see Table I) 

Fifty-one of the patients received 1 gm of dihydro strepto¬ 
mycin per day, and 49 received 1 gm of didrothenate per 
day Of the 51 patients receiving dihydrostieptomycm, nine 
showed an elevation m their auditory thresholds, and of the 
49 patients leceivmg didrothenate, 15 showed an elevation m 
their auditory thiesliolds Table II shows how many of the 
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persons m the total gioup exhibited an elevation m tlueshold, 
and the numbei of giams of dihydiostieptomycm or didro- 
thenate the “shifters” had leceived Table III shows the 
numbei of peisons who acquned tlueshold shifts of 5 to 15 
db, 20 to 30 db , and 35 to 50 db, at each of the fiequencies 
tested 

Compaiisons of the amount of tlueshold shift m db at 
1000 c p s in the light eai show that two of the patients on 

TABLE III 


Number of Patients 'with Thieskold Shifts of 5 15 db , 20 30 db , 35 50 db 


Threshold 
Shift (db ) 

Antibiotic 

Ear 

500 

Number of patients i\Ith shift 
at indicated frequencj (cpe) 

1000 2000 3000 4000 

6000 

5 to 15 

DHSM 

R 

3 

2 

2 

1 

1 

1 

5 to 15 

DHSM 

L 


2 

2 


3 

1 

5 to 15 

DIDRO 

R 

5 

5 

3 

3 

4 

5 

5 to 15 

DIDRO 

h 

3 

4 

3 

4 

5 

6 

20 to 30 

DHSM 

R 



1 



2 

20 to 30 

DHSM 

L 

1 

1 

2 

1 

1 

1 

20 to 30 

DIDRO 

R 




2 


4 

20 to 30 

DIDRO 

L 



1 



2 

35 to 50 

DHSM 

R 



1 

2 

1 

1 

35 to 50 

DHSM 

L 





1 

1 

35 to 60 

DIDRO 

R 





1 

1 

35 to 50 

DIDRO 

L 




1 


1 


dihydrostreptomycm acquned shifts of 5 to 15 db and five 
of those on didiothenate showed a similai tlueshold shift At 
4000 c.p s m the light eai, one patient on dihydiostieptomy- 
cm and foui on didiothenate showed a 5 to 15 db tlueshold 
shift 

Thieshold measuiements of the left ears show that two of 
the patients on dihydiostieptomycm sustained fiom 5 to 15 
db shift at 1000 cps and foui of those on didiothenate 
showed the same shift Again when the shifts aie measuied 
at 4000 cps m the left eai, thiee of the patients on dihydio- 
streptomycm showed fiom 5 to 15 db shift and 5 of those on 
didrothenate had the same shift (see Fig 1) 

At 1000 cps only one of the 100 patients acquned a shift 
greater than 15 db on eithei diug At 4000 cps none 
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showed a shift of 20 to 30 db on eithei diug in the light ear 
In the left ear, howevei, one person tieated with dihydio- 
stieptomycm showed a shift of 20 to 30 db (see Fig 2) , also 
at 4000 cps, two of the patients on dihydiostieptomycm 
showed shifts of 35 to 50 db , one in the right eai and one m 
the left (see Fig 3) 


5 TO 15 DB SHIFTS 

S DIDROTH 1 IDHSM 

N 49 LJn.S 


PERCENT OF EARS 
THAT SHIFTED 



Threshold shifts were compared at 1000 and at 4000 cps, 
because losses at 1000 cps reflect the amount of handicap 
foi communication bv speech and losses at 4000 cps lepre- 
sent the maximum losses usually found m the high frequencies 
There were no threshold shifts at the speech fiequencies m 
excess of 30 db when either antibiotic was used On the basis 
of this, we can assume that no patient will sustain a signifi¬ 
cant hearing loss as a result of treatment if he lias normal 
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persons m the total gioup exhibited an elevation m thieshold, 
and the number of grams of dihydiostieptomycm or didro- 
thenate the “shifteis” had leceived Table III shows the 
numbei of peisons who acquned thieshold shifts of 5 to 15 
db , 20 to 30 db , and 35 to 50 db, at each of the frequencies 
tested 

Compai isons of the amount of threshold shift m db at 
1000 c p s m the light ear show that two of the patients on 


TABLE III 


Number of Patients ^ith Threshold Shifts of 5 15 db, 20 30 db, 35-50 db 


Threshold 
Shift (db ) 

Antibiotic 

Ear 

600 

Number of patients uith shift 
at Indicated frequency (cps) 

1000 2000 3000 4000 

6000 

5 to 15 

DHSM 

R 

3 

2 

2 

1 

1 

1 

5 to 15 

DHSM 

L 


2 

2 


3 

1 

5 to 15 

DIDRO 

R 

5 

5 

3 

3 

4 

5 

5 to 15 

DIDRO 

L 

3 

4 

3 

4 

5 

6 

20 to 30 

DHSM 

R 



1 



2 

20 to 30 

DHSM 

L 

1 

1 

2 

1 

1 

1 

20 to 30 

DIDRO 

R 




2 


4 

20 to 30 

DIDRO 

L 



1 



2 

35 to 50 

DHSM 

R 



1 

2 

1 

1 

35 to 50 

DHSM 

It 





1 

1 

35 to 50 

DIDRO 

R 





1 

1 

35 to 50 

DIDRO 

L. 




1 


1 


dihydiostreptomycm acquned shifts of 5 to 15 db and five 
of those on didrothenate showed a similai thieshold shift At 
4000 cp s m the light eai, one patient on dihydrostieptomy- 
cm and foui on didrothenate showed a 5 to 15 db thieshold 
shift 

Thieshold measuiements of the left eais show that two of 
the patients on dihydiostieptomycm sustained from 5 to 15 
db shift at 1000 cps and foui of those on didiothenate 
showed the same shift Again when the shifts aie measuied 
at 4000 cps m the left eai, thiee of the patients on dihydio- 
streptomycm showed from 5 to 15 db shift and 5 of those on 
didrothenate had the same shift (see Fig 1) 

At 1000 cps only one of the 100 patients acquned a shift 
greater than 15 db on eithei diug At 4000 c.ps none 





GLORIG DIHYHROSTREPTOMYCIN OTOTOXICITY 


1019 


showed a shift of 20 to 30 db on eithei diug m the light ear 
In the left eai, howevei, one person treated with diliydro- 
stieptomycm showed a shift of 20 to 30 db (see Fig 2) , also 
at 4000 cps, two of the patients on dihydiostieptomycin 
showed shifts of 35 to 50 db , one in the light eai and one m 
the left (see Fig 3) 


5 TO 15 DB SHIFTS 
f^DIWOTH nOHSM 
CiJ N»49 1_|n a 

PERCENT OF EARS 
THAT SHIFTED 



Threshold shifts weie compaied at 1000 and at 4000 cps, 
because losses at 1000 cps leflect the amount of handicap 
for communication by speech and losses at 4000 cps repre¬ 
sent the maximum losses usually found in the high fiequeneies 
There weie no thieshold shifts at the speech fiequeneies m 
excess of 30 db when eithei antibiotic was used On the basis 
of this, we can assume that no patient will sustain a signifi¬ 
cant healing loss as a result of treatment if he lias normal 
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heaung ivhen the antibiotic is started Allowing foi a leason- 
able amount of expected vanation m audiometry, some 10 db , 
that is, we judge that only a lelatively small pei cent of the 
shifts are significant Only two eais on dihydrostieptomycm 
and one on didiothenate showed shifts gieatei than 10 db at 
1000 c p s 

At 4000 c p s , we find that only thiee eais m the didrothen- 
ate gioup show moie than 10 db shift and that only five ears 


20 TO 30 DB SHIFTS 

B oidroth pi ohsm 

n*49 U N * 51 


PERCENT OF EARS 
THAT SHIFTED 



Fig- 2 


m the dihydiostieptomycm gioup show moie than 10 db 
shift When i educed to peicentage, these figuies aie 3 pei 
cent and 4 9 pei cent lespectively 

As foi losses m excess of 30 db at 4000 c p s , we find that 
one eai shifted 40 db when didiothenate was used and when 
dihydi osti eptomycm was used, one eai shifted 50 db, and 
anothei 40 db If all eais that shifted moie than 10 db at 
any fiequency aie lumped togethei, theie aie 20 m the gioup 
treated noth didiothenate and 23 m the group treated with 
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dihydiostieptomycin If ive look foi eais showing losses 
gieatei tlian 30 db at any fiequency, ne find that theie are 
only foui with shifts of this magnitude m the group treated 
with didiothenate and eight in the gioup tieated with dihy- 
diostieptomycin (see Table III) 

The significance of the magnitude of thiesliold shift to the 
patient must be evaluated fiom the final audiogiam In 
othei words, is the change m lieai mg level enough to cause 
handicap 7 Table IV shows the numbei of patients whose 


35 TO 50 DB SHIFTS 


WDROTH ri DHSM 
N 49 |_] N 51 


PERCENT OF EARS 
THAT SHIFTED 
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_ I 


1 j 


— 

1 

1 

- 6 - 

- 4 

■ 2 i 

0 J 


fl 

1_ 

1 




5 1 2 3 4 6 5 1 a 346 


FREQUENCY IN KC 


Fig: 3 


thresholds at 1000 and 4000 cp s he between 5 to 15 db, 20 
to 30 db , 35 to 50 db , 55 to 70 db, and above 75 db Only 
one ear shows a healing level gieatei than 30 db at 1000 c p s 
This case was treated with diliydiostieptomycm 

To assess the amount of handicap lesultmg fiom the heal¬ 
ing losses acquned dui mg this studv, let us compaie the be¬ 
ginning heaung level with the final healing level of eais that 
show less than 20 db at 1000 and 2000 c p s prioi to treat¬ 
ment and moie than 20 db at 1000 and 2000 c p s at the time 
of tins leport Theie is only one such case at 1000 cps m 
both eais, three cases, two with bilateial losses, and one 
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with a unilateial loss at 2000 c p s , m the group treated with 
dihydiostieptomycm In the group tieated with didiothen- 
ate, we find no cases at 1000 cp s and at 2000 cp s, thiee 
cases with bilateral losses 

Table V shows the numbei of giams of antibiotic admin¬ 
istered to cases whose heaung level on the pre-tieatment 


TABLE IV 


Pinal Threshold of Patients Showing an Elevation at 1000 and 4000 c p s 


Hearing- el 

In db 

Antibiotic 

Used 

Rig-ht Ear 
1000 c,p s 4000 
No Cases No 

Left Ear 

c p s 1000 c p s 4000 c p s 
Cases No Cases No Cases 

5 15 

„ 

__ DHSM 

8 


4 


6 

2 

5 15 


DIDRO 

13 


4 


12 

2 

20 30 


_ DHSM 

3 


2 


4 

1 

20 30 

_ 

_ DIDRO 

2 




3 

2 

35 50 


_DHSM 



2 


1 

2 

35 50 


DIDRO 



5 



5 

55 70 

_ 

DHSM 



3 



2 

55 70 


_ DIDRO 



4 



4 

75 + 


_DHSM 






3 

75 + 


DIDRO 



2 



2 




TABLE V 






Amount 

of 

antibiotic used 

when threshold 

shift first appeared and 

total amount 

administered to 

date to patients 

’whose thresholds at 1000 

and 2000 

c p s 

were less than 20 db pre treatment and 

more than 20 db 

post treatment 










DHSM 




DIDRO 



No 

Gras When 

Total 


No 

Gms 

When 

Total 

Case 

Shift Started 

Dose Case 

Shift Started 

Dose 

A 


125 

186 

A 


19 


150 

B 


42 

54 

B 


168 


258 

C 


130 

138 

C 


46 


84 


audiogiam was less than 20 db at 1000 and 2000 c p.s and on 
the post-ti eatment audiogram was gi eater than 20 db Note 
the similanty in dosages of dihydiostieptomycm and didioth- 
enate 

Let us now considei an aveiage of the post-treatment 
thresholds at 500, 1000 and 2000 c p s in the bettei ear If 
we assume than the heaung loss is significant when this 
average is 30 db or more, only one patient tieated with di- 
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hydiostieptomycm and none tieated with didiothenate showed 
a significant healing loss (see Table in) 

DISCUSSION 

You will no doubt lemember that we started out to detei- 
mine whethei, m a gioup of 100 tubeiculous patients, didroth- 
enate (the pantothenic acid salt of dihj drosti ep tom vein) ex¬ 
hibited less ototoxicity than did dihydi osti eptomycm Let 
me hasten to make clear than 100 total cases m this kind of 
study aie enough only to establish tiends We cannot draw 

TABLE VI 

Number of Patients with Significant Hearing Loss After Treatment 
(average of 30 db or more at 500 1000 and 2000 <xp-s ) 

DHSM DIDRO 

1_0 


conclusions about the magnitude of healing loss that will re¬ 
sult from a given treatment The tiends are quite clearly 
evident, however, and I feel sure that additional studies will 
confirm them 

If we compare the two treatments geneially on the basis of 
amount of shift pioduced, we fmd more patients with shifts 
greater than 30 db m the dihydrostieptomycm group Con¬ 
sider m moie detail the magnitude of threshold shift in 
terms of the amount of antibiotic leceived by the patient 
The data m Table II indicate that out of 22 patients who 
received less than 100 gms of Dihydrostreptomycm, only 
three showed any increase in elevation of then auditory 
threshold These data also show that out of 17 patients who 
received less than 100 gms of diliydi osti eptomycm, only 
two showed an increase m elevation of their auditory thresh¬ 
old Theie were 20 patients who leceived between 100 and 
200 gms of dihydrosti eptomycm and six showed an increase 
in threshold level Sixteen patients received between 100 and 
200 gms of didrothenate and 12 showed an increase in 
threshold 

These comparisons seem to indicate that didrothenate is 
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moie toxic than dihydrosti eptomycm Fiom Table III, how- 
evei, you will note that most of the threshold shifts m the 
didiothenate tieated gioup aie 10 db 01 less That is, they 
fall within oui aibitiary limits of expected audiometnc 
vai lability and cannot, theifoie, be related to ototoxicity 
Compai isons of magnitudes of shift would seem to indicate 
that dihydiostieptomycm is moie toxic than didiothenate 
The appaient diffeience, howevei, could be due to the smallei 
amount of dihydiostieptomycm contained m didiothenate 
One giam of didiothenate contains less dihydiosti eptomycm 
than one giam of puie dihydiosti eptomycm 

When the results of this study aie compared with those of 
my 1951 study, theie appeals to be a maiked change m 
ototoxicity of dihydiosti eptomycm In spite of the laigei 
daily dosage leceived by some of the patients in the eailier 
study, theie aie significant diffeiences in the amount of 
thieshold shift that indicate much less ototoxicity fiom the 
dihydiosti eptomycm that is available today Specifically 

1 Theie weie no cases of piofound deafness in this senes 

2 Only one case tieated with dihydiosti eptomycm and 
none tieated with didiothenate had a final aveiage healing 
level gieatei than 30 db at 500, 1000 and 2000 cps 

3 No positive conclusions can be diawn legaldmg vestib- 
ulai effects, since no vestibulai tests weie peifoimed Theie 
weie no symptoms of vestibulai dysfunction, howevei, and 
we assume that theie weie no significant vestibulai changes 

In contiast to these findings, the 1951 study included one 
case of piofound deafness, also, out of the 40 cases tieated 
with 1 gm of dihydiosti eptomycm pei day for penods com¬ 
pai able to those leported in this study, 14 or 35 pei cent 
showed losses m excess of 30 db thioughout the audiometnc 
frequency lange About half of the impaned healing cases 
showed vestibular dysfunction symtomatically and with caloric 
tests 

Why theie is such an appaient deciease m dihydi ostiepto- 
mycm ototoxicity is difficult to say It is possible that piesent 
day manufactui mg piocesses pioduce a puiei and, theiefoie, 
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less toxic product, but the manufactuiers have been ques¬ 
tioned about this, and they are not awaie of any changes m 
purity 

In view of some lecent leports, we might well ask our¬ 
selves whethei today’s dihydiostreptomycm leally is less 
toxic Duiing the past two 01 three yeais, there have been 
numeious oial and vritten leports of sudden increases m the 
auditory thieshold of patients on small doses of dihydro- 
sti eptomycm, and combinations containing dihydiostrepto- 
mycm These small doses varj from 1 to 10 giams In light 
of our piesent study, it is difficult to explain these losses The 
facts seem to be in order, howevei, the losses are real and 
the causal relations appear well founded In my opinion, 
there can be only one explanation—individual sensitivity to 
dihydrostreptomycm Such sensitivity is not restricted to 
the mycin preparations We have known for many years that 
ototoxicity may lesult from quinine, aspirin, nicotine, etc. 
It is not unreasonable to assume that with more widespread 
general use of sti eptomycm and dihydrostr eptomycm singly 
and m combination with broad spectrum preparations, we 
will be treating an mci easing numbei of susceptible in¬ 
dividuals 


CONCLUSIONS 

The conclusions that I wish to draw from this studj" aie 

1 A comparison of healing losses pioduced in patients 
treated with didrothenate and patients treated with dihydro- 
streptomycm definitely shows that didiothenate is not sig¬ 
nificant^" less toxic than dihydiosti eptomycm 

2 When the lesults of tins study aie compared with the 
results of pievious studies, not only is the numbei of persons 
who show an elevation of threshold smaller m this studv, but 
also the amount of threshold shift is considerably less 

3 When compared with mv pievious investigations the re¬ 
sults of this study indicate that now largei total doses of these 
antibiotics can be administered before an elevation m the 
auditorv threshold level appears 
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U Stieptomycm is still the piefeiable antibiotic It is 
bettei to lose vestibulai function than to lose auditory 
function 


SUMMARY 

Audiometnc data fiom tests of 100 tubeiculous patients 
tieated with dihydi osti eptomycin and didiothenate (the pan¬ 
tothenic acid salt of dihydiostieptomvein) aie piesented 
Fifty-one of the 100 cases leceived 1 gm of dihydi osti epto¬ 
mycin pei day and 49 leceived 1 gm of didiothenate pei day 
Nineteen of the patients leceived total doses of 26 to 99 gms 
of dihydi osti eptomycin, 14 of them leceived 25 to 99 gms 
of didiothenate Twenty of these patients leceived 100 to 199 
gms of dihydi osti eptomycin Sixteen of them leceived 100 
to 199 gms of didrothenate One leceived 268 gms of di¬ 
diothenate and anothei 401 gms of didiothenate One pei son 
m the dihydi ostreptomycm gioup showed a clinically sig¬ 
nificant heaung loss Theie weie no clinically significant 
losses m the didiothenate gioup The majonty of thieshold 
shifts occuued at fiequencies above 2000 c p s 

RECOMMENDATIONS 

Five important piecautions that can be used to safeguard 
against dihydi ostreptomycm toxicity aie 

1 Wheie eithei dihydi osti eptomycin oi stieptomycm is 
indicated, stieptomycm should be used Theie is no contia- 
mdication to this pioeeduie Dihydi osti eptomycin has nevei 
been shown to be bettei theiapeutically 

2 When bioad spectium antibiotics aie used m combination 
with stieptomycm oi dihydi osti eptomycin, the combination 
used should contain stieptomycm, not dihydi osti eptomycin 

3 The manufactuieis of combined antibiotics should be 
lequned to state eleaily which antibiotics aie contained m 
the combination piepaiations 

4 Wheie Jong teim tieatment with stieptomycm is contem¬ 
plated, vestibulai and auditory tests should be given routinely 
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5 \^Tien short term tieatment is contemplated, that is, 
less than a total of 10 gms to be admimsteied ovei a penod 
of five to ten days, the tieatment should be discontinued at 
the first sign of vestibulai oi auditory toxicity Tinnitus and 
slight vertigo aie significant 
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SEVENTH INTERNATIONAL CONGRESS 
OF BRONCHOESOPHAGOLOGY 

The Seventh International Congress of Bronehoesopliagol- 
ogy will be held at Kyoto (Japan) University, September 
12-14, 1958, under the direction of Prof Mituhaiu Goto, M D , 
Otorhmolaryngological Clinic, Kyoto University Hospital, 
Kyoto, Japan 

A registration fee of $25 00 USA. will be charged all 
physicians and a fee of $10 00 for wives oi non-medical 
guests Registered members are admitted fiee to banquet, 
receptions and sightseeing tours 



FOUR UNUSUAL CASES OF TEMPORAL 
BONE DISEASE * 

David D DeWeese, M D , 

Portland, Oie 

Review of the lecent otolaiyngologic hteiatuie leveals only 
one case lepoit of infection of the petious portion of the 
tempoial bone Lest we foiget that this condition still occuis, 
I am piesentmg thiee cases, which I believe, emphasize the 
pnncipal symptoms pioduced by disease m this legion 

The fourth case is not one of tempoial bone infection, 
nevertheless, it is piesented because not only the aiea in¬ 
volved but also the circumstances of the involvement aie 
unusual 


CASE REPORTS 


Case 1 A man aged 63 was first seen on June 2 1954, because of 
discharge from the right ear double vision, and dizziness 


Symptoms began seventeen dajs prioi to admission First, he had 
pain in the right ear Several hours latei there was a bloody discharge 
from the eai He was hospitalized and given terramycin and penicillin 
intramuscularly This relieyed the pain but the ear continued to drain 
Twelve days prior to admission he became awaie of double vision and 
of dizziness There was no other contiibutor> history 

Examination of the nose, throat, nasopharynx, larynx and left eai was 
normal The right ear showed a pulsating, puiulent discharge from a 
central perforation of the eardrum The eai drum was thick and pink 
but not bulging The mastoid was tender 


On general phjsical examination the patient was well oilented He 
had complete lateral rectus paialysis in the light eye There was partial 
paralysis of the VHth nerve of a peripheral type Theie was nystagmus 
to the left The neck w as not stiff Temperature w as 99 5 degrees 


Leukocyte count yyas 11 500 Roentgenogram of the mastoid showed 
some sclerosis y\ith definite decalcification of the intercell walls, in 
addition, there yvas erosion of the innei table of the petious ildge on the 
right side Chest roentgenogram yyas noimal 

He was hospitalized and giyen heayy doses of penicillin The follovring 
day a radical mastoidectomy and petious exploration weie done The 
mastoid portion of the temporal bone was the seat of acthe subacute 
purulent infection with cell destruction Theie was no erosion of the 


At the meeting of the Western Section Amerlcnn Lar\ngologlcal 
RlUnoloB&l and Otolofical Societj Inc Be%erl> Hill* Calif Jan 18 1958 
Note This manuscript received In The Laryngoscope Office and 
accepted for publication March 4 1968 
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labyrinth Healing granulations were present over one area of the 
sigmoid sinus Posterior to the labyrinth there was a tract of cells A 
similar tract of cells was present inferior to the labyrinth It vas pos¬ 
sible to enter the body of the petrous superior to the labyrinth In this 
area there was inflammatory tissue and soft bone, but no frank pus 

PostoperatLe recoyery was somewhat slower than is usual after radical 
mastoidectomy but except for slight feyer in the afternoon he was up 
oriented eating, and appeared well On June 13 (ten days postoperative- 
h ) he suddenly became semi-comatose then comatose Feyer rose to 103 
degrees There were no localizing signs 

A neurosurgical consultant followed him for four days On the fourth 
day flaccid paralysis appeared in the left arm and left leg Babinski 
was positive. The neck was stiff but not rigid There was no papill 
edema. Leukocyte count was normal Spinal fluid showed a mild in 
crease in protein and 75 cells all of which were lymphocytes 

In yiew of these findings the patient was taken to the operating room 
for the second time (June 17) The old mastoid incision was reopened 
after which the petrous was again examined A wide examination was 
also made of the dura of the middle as well as the posterior cranial 
fossa The dura was normal Under the same anesthetic a neurosurgeon 
opened the right temporal area and probed the temporal lobe to see if 
there was an abscess None was found 

Patient s condition following operation remained poor 48 hours later 
he expired 

Autopsy showed a healing mastoid petrous wound There was no 
evidence of brain abscess Three areas of malignant metastases were 
found one over the midline of the dura on the left side the second 
deep in the cerebellum near the dentate nucleus and the third in the 
left side near the surface of the temporal cortex Both adrenal glands 
were filled with metastatic carcinoma There was no evidence of malig 
nancv in the mastoid or the petrous The primarv lesion was presumably 
a small carcinoma in the medial portion of the left lung lving im 
mediately behind the heart. Recheck of the chest roentgenogram taken 
preoperativelv failed to reveal the lesion 

Case 2 A voman aged 33 was first seen on January 26 1956 because 
of persistent headache on the right side discharge from the right ear 
and low grade fever 

She stated she had had draining from the right ear since she was 
IS months old Eleven \ears prior to admission after swimming t 1 e 
ear became painful and the discharge Increased A diagnosis of acute 
mastoiditis was made and a partial mastoidectomy (whatever that is) 
was performed Following this operation the ear continued to drain 
and she had Intermittent pain in the ear 

Three years prior to admission she began to have a low grade fever and 
the discomfort in the ear increased A radical mastoidectomy was per 
formed at that time The ear healed Occasionally she had discharge 
from the ear for periods of 24 or 48 hours but without pain 

One month prior to admission she had severe headache on the right 
side and nausea This was followed bv Increased discharge from the ear 
without pain Ten davs prior to admission she had difficult In focusing 
the eves and there was some blurring of vision The headache also 
recurred and she had a low grade fever of between 99 and 100 degrees 
She stated that when she was quiet she was fairlv comfortable but 
when she was sitting up or walking the headache was severe She was 
unable to read print except for a few minutes She denied double 
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vision Leaning or turning to the left pioduced nausea without vomiting 
In addition to the headache she had a pain which she described as deep 
aching behind the right eye 

On examination the throat, nose, and left ear were normal The right 
ear showed a clean radical mastoid cavitv, in which all structures were 
visible The round window, the oval window with the stapes bound 
down, and the intratympanic course of the facial nerve were clearly 
visible There was some moisture in the region of the Eustachian tube 
There was a small area of exposed bone behind the labyrinth Suction 
ing of the middle ear area produced slight dizziness and nystagmus 
The fistula test was negative 


Blood count was normal Roentgenograms show r ed the previous surgical 
defect. In the apex of the petrous the cells were clouded without 
definite bone destruction 


Neurologic examination was entirely normal except that the neurologist 
felt the historj indicated definite meningeal irritation An electro 
encephalogram was reported as abnoimal because of isolated slow waves 
which arose in both hemispheres, but more so on the right Extraocular 
muscle function, visual fields, and fundi were normal 

A diagnosis of petrositis was made, and operation was advised 

Exploration of the right temporal bone was done on January 30, 1956 
The previously desciibed mastoid cavits was clean, except for pus in 
one tract of cells immediately superior to the intratympanic course of the 
facial nerve and in another tract of cells behind the labyrinth Explora 
tion of the postlab\ rinthine tract failed to reveal anything unusual 
There was a wide space of pneumatization superior to the superior 
semicircular canal making it possible to explore the petrous deeplj 
under direct vision The bone of the body of the petrous w r as granular 
and soft There was granulation tissue in most of the body of the petrous 
to the apex This was removed 

After operation the headache disappeared Visual disturbance also 
disappeared She was discharged eight davs postoperatively Except that 
the cavity was slow healing she did well for six weeks and then 
symptoms recurred Over the next three months she had intermittent 
headache and intermittent blurring of vision Then all symptoms sub¬ 
sided 


Ten months postoperativel} she began to have fever, which slowly 
increased to 102 degrees There was also recurrence of retro ocular pain 
In addition she had some chilly sensation but no real shaking chills 
Examination at this time showed the ear to be moist All other studies, 
including neurologic examination were wdthin normal limits 


She was carefully followed for one month During this period the 
temperature ranged from 99 5 to 102 degrees The onl\ complaints 
otherwise were a feeling “as though I were being pulled over back 
wards” and increasing drowsiness 


Because of the fever and other symptoms as well as the persistent 
discharge the temporal bone was again explored on November 23 1956, 
11 months after the first exploration In the angle between the superior 
semicircular canal and the middle fossa dura a piece of sequestrated 
bone was found The petrous bod> and apex were again filled with 
soft granular bone which had the appearance of proliferate osteomjelitis 
This was removed The inner table of the roof of the petrous was re 
•moved toward the tip until solid bone was encountered in all directions 
Aunmitrh the nerve could not be identified the Internal auditory meatus 
must have been approached since there was twitching of the face Fur 
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ther removal of bone was discontinued A small pohethelene tube was 
placed in the petrous tip, and brought out into the mastoid cavitv 

The tube was slowlv removed over a period of six weeks Penicillin 
and chloromvcetin were used continuous^ throughout hospitalization and 
for six weeks after discharge The ear healed primarily Since that 
time the patient has been clinically veil and svmptom free 

Case S A man aged 49 was first seen on June 28 1955 His chief 
complaint was progressive hearing impairment in both ears of three 
years duration 

He stated that during examination in 1952 his attention was called to 
the fact that the right side of his face appeared to be weak There was, 
however no paralysis He gave no history of tinnitus or dizziness 

Examination of the nose throat nasopharynx and larynx was normal 
The palate rose normalb The tongue and vocal cords moved normally 
There was weakness of all branches of the Yllth nerve on the right side 
The corneal reflexes were normal The left ear was entirely normal The 
right eardrum was intact. Through the eardrum a small white area was 
visible anterior to the short process of the malleus 

The audiogram was normal up to 2 000 cvcles per second There was 
a high tone loss of hearing in both ears somewhat worse on the left side 

Roentgenograms of the mastoid the skull and the internal auditorv 
meatuses were normal Electrical tests of the right facial nerve showed 
equal chronaxie on both sides but elevation of the voltage required and 
of rheobase on the right side 

A presumptive diagnosis of neuroma of the facial nerve was made and 
exploration advised The patient returned to his original physician who 
advised stronglv against anv tvpe of operation on the ear 

Seven months later on February 7 1956 he came back for re-examina 
tion In this interval his face had gradually become more paralvzed His 
eye wns tearing He had had some paresthesias of the right side of the 
tongue and one or two momentary spells of true vertigo 

Examination showed a definite small white mass which was pushing 
Shrapnel s membrane out in front of the malleus Electrical testing of 
the right Yllth nerve gave results identical with those obtained bv test 
ing seven months previouslv A complete neurologic examination was 
otherwise normal 

This time the patient accepted advice for surgical exploration but 
operation w as not performed until June 6 1956 The mastoid was normal 
and well pneumatized The antrum was normal After removal of the 
bom bridge over the aditus it became evident that the attic was full of a 
mass which appeared to be cholesteatoma The incus and head of the 
malleus were removed The horizontal semicircular canal was prominent 
There was no evidence of a superior semicircular canal The normal 
position of the superior semicircular canal was occupied b\ a large 
cholesteatoma which filled the medial part of the attic It extended 
underneath the intratvmpanlc portion of the facial ner\e as well as over 
the lab\ rinth and on top of the bod'\ of the petrous An area of the 
inner table was eroded and the dura was exposed for an area one-and a 
half cm in diameter in the floor of the middle fossa medial to the laby 
rinth The intratvmpanlc course of the facial nerve had been completely 
exposed b\ the cholesteatoma All of the cholesteatoma was removed 
and the facial nerve was decompressed to the stvlomastoid foramen 

The pathologic report confirmed the clinical diagnosis of cholesteatoma 

Postoperativelv the radical mastoid cavitv healed normall\ Because of 
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vision Leaning or turning to the left produced nausea without vomiting 
In addition to the headache she had a pain which she described as deep 
aching behind the right eye 

On examination, the throat, nose, and left ear were noimal The right 
ear showed a clean radical mastoid cavitv, in which all structures w r ere 
visible The round window 7 , the oval window with the stapes bound 
down, and the intratympanic course of the facial nerve were clearly 
^sible There was some moisture in the region of the Eustachian tube 
Theie was a small area of exposed bone behind the labyrinth Suction 
ing of the middle ear area produced slight dizziness and nystagmus 
The fistula test was negative 


Blood count w r as normal Roentgenograms showed the previous surgical 
defect In the apex of the petrous the cells were clouded without 
definite bone destruction 


Neurologic examination w r as entirely normal except that the neuiologist 
felt the histor) indicated definite meningeal irritation An electro 
encephalogram was reported as abnormal because of isolated slow 7 waves 
which arose in both hemispheres, but more so on the right Extraocular 
muscle function visual fields, and fundi were normal 


A diagnosis of petrositis was made, and operation was advised 

Exploration of the right temporal bone A\as done on January 30, 1956 
The previously described mastoid cavit> w r as clean, except for pus in 
one tract of cells immediately superior to the intratympanic course of the 
facial nerve and in another tract of cells behind the labyrinth Explora 
tion of the postlab\ rinthine tract failed to reveal anything unusual 
There was a wide space of pneumatization superior to the superior 
semicircular canal, making it possible to explore the petrous deeply 
under direct vision The bone of the bod> of the petious w r as granular 
and soft There was granulation tissue in most of the bod> of the petrous 
to the apex This was removed 


After operation the headache disappeaied Visual disturbance also 
disappeared She was discharged eight da>s postoperativelv Except that 
the ca\ity was slow healing she did well for six weeks and then 
symptoms recurred Over the next three months she had intermittent 
headache and inteimittent blurring of vision Then all symptoms sub¬ 
sided 


Ten months postoperatively she began to have fever, which slowly 
increased to 102 degrees There was also lecurrence of retro ocular pain 
In addition she had some chilly sensation, but no real shaking chills 
Examination at this time showed the ear to be moiBt All other studies 
Including neurologic examination were within normal limits 


She was carefully followed for one month During this period the 
temperature ranged from 99 5 to 102 degrees The onlj complaints 
otherwise were a feeling ‘‘as though I were being pulled over back 
wards” and increasing drowsiness 


Because of the fe^er and other symptoms, as well as the persistent 
discharge the temporal bone was again explored on November 23, 1956, 
11 months after the first exploration In the angle between the superior 
Kpmlcircular canal and the middle fossa dura a piece of sequestrated 
hnne was found The petrous bod> and apex were again filled with 
cnft irranular bone w 7 hich had the appearance of proliferate osteomj elitis 
mm* was remold The inner table of the roof of the petrous was re- 
IL* w fl rd the tip until solid bone was encountered in all directions 
the nenecould not be Identified the Internal auditor* meatus 
must hfve bee" approached since there nas tn itching of the face Fur 
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ther removal of bone was discontinued A small polyethelene tube was 
placed in the petrous tip, and brought out into the mastoid cavity 

The tube was slowlv removed over a period of six weeks Penicillin 
and chlorom} cetin were used continuously throughout hospitalization and 
for six weeks after discharge The ear healed primarily Since that 
time the patient has been clinically well and svmptom free 

Case 3 A man aged 49 was first seen on June 28 1955 His chief 
complaint was progressive hearing impairment in both ears, of three 
years duration 

He stated that during examination in 1952 his attention was called to 
the fact that the right side of his face appeared to be weak There was 
however no paralvsis He gave no history of tinnitus or dizziness 

Examination of the nose throat, nasopharynx and larvnx was normal 
The palate rose normally The tongue and vocal cords moved normally 
There was weakness of all branches of the Yllth nerve on the right side 
The corneal reflexes were normal The left ear was entirely normal The 
right eardrum was intact Through the eardrum a small white area was 
visible anterior to the short process of the malleus 

The audiogram was normal up to 2 000 cvcles per second There was 
a high tone loss of hearing in both ears somewhat worse on the left side 

Roentgenograms of the mastoid the skull and the internal auditors* 
meatuses were normal Electrical tests of the right facial nerve showed 
equal chronaxie on both sideB but elevation of the voltage required and 
of rheobase on the right side 

A presumptive diagnosis of neuroma of the facial nerve was made and 
exploration advised The patient returned to his original physician who 
advised strongly against anv tvpe of operation on the ear 

Seven months later, on February T 1956 he came back for re-examina 
tion In this interval his face had gradually become more paralyzed His 
eye was tearing He had had some paresthesias of the right side of the 
tongue and one or two momentary spells of true vertigo 

Examination showed a definite small white mass which was pushing 
Shrapnel s membrane out in front of the malleus Electrical testing of 
the right VHth nerve gave results identical y\lth those obtained bv test¬ 
ing seven months previously* A complete neurologic examination was 
otherwise normal 

This time the patient accepted advice for surgical exploration but 
operation y\as not performed until June 6 1956 The mastoid was normal 
and well pneumatized The antrum was normal After removal of the 
bonv bridge over the adltus it became evident that tbe attic was full of a 
mass which appeared to be cholesteatoma Tbe incus and head of the 
malleus were removed The horizontal semicircular canal was prominent 
There was no evidence of a superior semicircular canal The normal 
position of the superior semicircular canal was occupied b> a large 
cholesteatoma which filled the medial part of the attic It extended 
underneath the intratvmpanic portion of the facial nerve as well as over 
the labyrinth and on top of the body of tbe petrous An area of tbe 
inner table was eroded and the dura was exposed for an area one-and a 
half cm in diameter in the floor of the middle fossa medial to the lab\ 
rinth The intratvmpanic course of the facial nerve had been completed 
exposed by the cholesteatoma All of the cholesteatoma was remo\ed’ 
and the facial nerve was decompressed to the stylomastoid foramen 

The pathologic report confirmed the clinical diagnosis of cholesteatoma 
Postoperative^ the radical mastoid cavity healed normally Because of 
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vision Leaning or turning to the left produced nausea without vomiting 
In addition to the headache she had a pain which she described as deep 
aching behind the right eye 

On examination the throat, nose, and left ear were normal The right 
ear showed a clean radical mastoid ca^ib, in which all structures were 
visible The round window' the oval window with the stapes bound 
dowm, and the intratympanic course of the facial nerve were clearly 
visible There was some moisture in the region of the Eustachian tube 
There was a small area of exposed bone behind the labyrinth Suction 
ing of the middle ear area produced slight dizziness and nystagmus 
The fistula test was negative 


Blood count w as normal Roentgenograms showed the previous surgical 
defect In the apex of the petrous the cells w r ere clouded without 
definite bone destruction 


Neurologic examination w r as entirely normal except that the neurologist 
felt the history indicated definite meningeal irritation An electro¬ 
encephalogram was reported as abnormal because of isolated slow waves 
which arose in both hemispheres, but moie so on the right Extraocular 
muscle function visual fields, and fundi were normal 

A diagnosis of petrositis was made, and operation was advised 

Exploration of the right temporal bone was done on January 30, 1966 
The previously described mastoid cavit} was clean, except for pus in 
one tract of cells immediately superior to the intratympanic course of the 
facial nerve and in another tract of cells behind the labyrinth Explora 
tion of the postlab} rinthine tract failed to reveal anything unusual 
There was a wide space of pneumatization superior to the superior 
semicircular canal making it possible to explore the petrous deepl} 
under direct vision The bone of the bod} of the petrous w r as gianular 
and soft There was granulation tissue in most of the body of the petrous 
to the apex This was removed 

After operation the headache disappeared Visual disturbance also 
disappeared She was discharged eight days postoperatively Except that 
the cavity was slow healing, she did well for six weeks and then 
symptoms recurred Cher the next three months she had intermittent 
headache and intermittent blurring of vision Then all s}mptoms sub¬ 
sided 


Ten months postoperatively she began to have fever, which slowly 
increased to 102 degrees There was also recurrence of retro-ocular pain 
In addition, she had some chilly sensation but no real shaking chills 
Examination at this time showed the ear to be moist All other studies, 
including neurologic examination were wdthin normal limits 


She was carefull} followed for one month During this period the 
temperature ranged from 99 5 to 102 degrees The onlv complaints 
otherwise were a feeling “as though I w'ere being pulled over back 
w ards ” and increasing drowsiness 


Because of the fever and other symptoms as well as the persistent 
discharge the temporal bone was again explored on November 23, 1956 
11 months after the first exploration In the angle between the superior 
semicircular canal and the middle fossa dura a piece of sequestrated 
bone was found The petrous body and apex were again filled with 
soft aranular bone which had the appearance of proliferative osteomyelitis 
This was removed The inner table of the roof of the petrous was re 
tnwnrd the tip until solid bone was encountered in all directions 
twhi trii the nerve could not be identified the internal audltorv meatus 
must have been approached since there was twitching of the face Fur 
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ther removal of bone vas discontinued A small poLethelene tube was 
placed in the petrous tip, and brought out into the mastoid cavitv 

The tube was slovl\ removed over a period of six weeks Penicillin 
and chloroim cetin were used continuouslv throughout hospitalization and 
for six weeks after discharge The ear healed primarily Since that 
time the patient has been clinically well and sMnptom free 

Case 3 A man aged 49 was first seen on June 2S 1955 His chief 
complaint was progressive hearing impairment in both ears of three 
years duration 

He stated that during examination in 1952 his attention was called to 
the fact that the right side of his face appeared to be weak There was 
honever no paratvsis He gave no historv of tinnitus or dizziness 

Examination of the nose throat, nasopharvnx and larvnx vas normal 
The palate rose normallv The tongue and vocal cords moved normally 
There was weakness of all branches of the YHth nerve on the right side 
The corneal reflexes were normal The left ear was entireh normal The 
right eardrum was intact Through the eardrum a small-white area was 
visible anterior to the short process of the malleus 

The audiogram was normal up to 2 000 cvcles per second There was 
a high tone loss of hearing in both ears somewhat worse on the left side 

Roentgenograms of the mastoid the skull and the internal auditorv 
meatuses were normal Electrical tests of the right facial nerve showed 
equal chronaxie on both sides but elevation of the voltage required and 
of rheobase on the nght side 

A presumptive diagnosis of neuroma of the facial nerve was made and 
exploration advised The patient returned to his original plrvsician, who 
advised strongly against anv tvpe of operation on the ear 

Seven months later on February 7 1956 be came back for re-examina¬ 
tion In this interval bis face had graduallv become more paralvzed His 
eve was tearing He had had some paresthesias of the right side of the 
tongue and one or two momentary spells of true vertigo 

Examination showed a definite small white mass which was pushing 
Shrapnel s membrane out in front of the malleus Electrical testing of 
the right YHth nerve gave results identical with those obtained bv test¬ 
ing seven months previously A complete neurologic examination was 
otherwise normal 

This time the patient accepted advice for surgical exploration but 
operation was not performed until June 6 1956 The mastoid was normal 
and well pneumatized The antrum was normal After removal of the 
bony bridge over the aditus it became evident that the attic was full of a 
mass which appeared to be cholesteatoma The Incus and head of the 
malleus were removed The horizontal semicircular canal was prominent 
There was no evidence of a superior semicircular canal The normal 
position of the superior semicircular canal was occupied bv a large 
cholesteatoma which filled the medial part of the attic It extended 
underneath the intratvmpanic portion of the facial nerve as well as o'ver 
the labyrinth and on top of the bod\ of the petrous An area of the 
Inner table was eroded and the dura was exposed for an area one-and a 
half cm in diameter in the floor of the middle fossa medial to the laby¬ 
rinth The intratvmpanic course or the facial nerve had been completely 
exposed b^v the cholesteatoma All of the cholesteatoma was removed 
and the facial nerve was decompressed to the stylomastoid foramen 

The pathologic report confirmed the clinical diagnosis of cholesteatoma 

Postoperativelv the radical mastoid cavitv healed normalL Because of 
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the facial paraljsis which became complete electrical treatments were 
carried out dailv Two and a half months postoperatively slight motion 
of the nasalus muscle was suspected This was more definite by the end 
of four and a half months 

The patient was not seen again until June 21, 1957 approximate!} one 
}ear after operation Examination showed definite motion of all branches 
of the right facial nerve except the frontalis The patient said he had 
noticed beginning motion in March of 1957 He also said that on occa 
sions he had had a momentar} feeling of propulsion, but no real vertigo 

Audiograms at this time showed 50 decibels loss of hearing up to 1 500 
Odes per second There was a sharp drop above that to 100 db loss 
at 6,000 cycles per second 
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Case J A girl, aged 18 was examined on Februar} 16, 1957, because of 
hearing loss and low pitched buzzing tinnitus 

Seven months prior to admission on July 21, 1956 she had been the 
guest passenger in the front seat of a car An accident occurred during 
which she was thrown forward and hit the left side of her head against 
the dashboard There was no facial laceration or unconsciousness The 
left ear bled some, but it was not treated 


She noted loss of hearing in the left ear immediateh after the acci 
dent, and for one week after the accident she had a loud buzzing tinnitus 
This impro\ed somewhat but a low pitched buzzing tinnitus persisted 
There had been no \ertigo at an} time She denied past ear disease, and 
claimed entirely normal hearing prior to the accident, howe\er, she had 
never had the hearing tested 


mi nation disclosed no abnormalities except for the left ear The 
eardium on this side appeared to be slighth retracted The incudo 
Xnariial mint was visible though the drum and appeared to be in 
nonnalposiUon ' The above audiogram of the left ear showed 

This is a pure conductive hearing loss Inflation of the Eustachian 




DE WEESE TEMPORAL BONE DISEASE 


1033 


tube on the left side produced only a 10 decibel improvement at 1 500 
cvcles and a 5 db improvement at 2 000 cy cles With both 500 and 1 000 
c^cle tuning forks the Weber test was constantlv lateralized to the left 
ear eyen when the right external auditorv canal vas occluded The 
RinnS test was negathe on the left side with both forks These tests 
had been done previously by two other otolarvngologists 

Roentgenograms of the mastoid showed normal well areated temporal 
bones on both sides 

A diagnosis of probable dislocation of the incus was made 

On March 27 1957 eight months after the injury exploratory operation 
was performed Since it was anticipated that the incus might have to 
be remoyed the middle ear was approached through the postaural in 
cision Enough mastoid cells were removed to permit easy visualization 
of the middle ear There was a large zygomatic extension of air cells 
which made it possible to expose the attic of the middle ear without 
disturbing the soft tissue of the external auditory canal or the eardrum 
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Careful removal of the inner quarter of the bonv external canal down 
to the horizontal semicircular canal allowed visualization of the ossicles 
The incu do-malleolar joint appeared to be normal The superior malleolar 
ligament was normal The incus was completelv dislocated from the 
stapes Directed anteriorlv it yvas holding the stapes partially fixed 
however there y\as some mobility of the stapes Since it yyas not pos¬ 
sible to replace the incus on the head of the stapes so that It would 
remain it was therefore removed The cayity y\as closed 

The abo\ e audiogram of the left ear taken on Januarv 14 1Q5S ten 
months postoperatively, showed 

The result is best stated in the patients yyords ‘I hear 100 per cent 
better and I notice it mostly in com ersation ’ 

Although the final hearing result is not normal it falls In the range 
of better than 25 db in all speech tones except those of 2 000 cy cles per 
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the facial paralysis which became complete, electrical treatments were 
carried out daily Two and a half months postoperatively slight motion 
of the nasalus muscle was suspected This was more definite by the end 
of four and a half months 

The patient was not seen again until June 21, 1957, approximately one 
year after operation Examination showed definite motion of all branches 
of the right facial nerve except the frontalis The patient said he had 
noticed beginning motion in March of 1957 He also said that on occa 
sions he had had a momentary feeling of propulsion, but no real vertigo 

Audiograms at this time showed 50 decibels loss of hearing up to 1,500 
cycles per second There i\as a sharp drop above that to 100 db loss 
at 6,000 cycles per second 



Case h A girl aged 18, was examined on February 16 1957, because of 
hearing loss and low pitched buzzing tinnitus 

Seven months prior to admission on July 21, 1956 she had been the 
guest passenger in the front seat of a car An accident occurred during 
which she was thrown forward and hit the left side of her head against 
the dashboard There was no facial laceration or unconsciousness The 
left ear bled some, but it was not treated 


She noted loss of hearing in the left ear immediately after the acci 
dent, and for one week after the accident she had a loud buzzing tinnitus 
This improved somewhat but a low pitched buzzing tinnitus persisted 
There had been no vertigo at any time She denied past ear disease and 
claimed entireL normal hearing prior to the accident, however she had 
never had the hearing tested 


T?v«minfttion disclosed no abnormalities except for the left ear The 
pn^frum on this side appeared to be slights retracted The incudo- 
e fioint was visible thiough the drum and appeared to be in 
normal po 3 3i«on 4e above audiogram of the left ear shoved 

This Is a pure conductive hearing loss Inflation of the Eustachian 
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tube on the left side produced onlv a 10 decibel improvement at 1,500 
cvcles and a o db improvement at 2 000 cycles With both 500 and 1 000 
cvcle tuning forks the Weber test was constant!} lateralized to the left 
ear, even when the right external auditorv canal was occluded The 
Rinn6 test was negate e on the left side with both forks These tests 
had been done previously b} two other otolarvngologists 

Roentgenograms of the mastoid showed normal well areated temporal 
bones on both sides 

A diagnosis of probable dislocation of the incus was made 

On March 27 1957 eight months after the injurv explorator} operation 
was performed Since it was anticipated that the incus might have to 
be removed the middle ear was approached through the postaural in 
clsion Enough mastoid cells were removed to permit easy visualization 
of the middle ear There was a large zvgomatic extension of air cells 
which made it possible to expose the attic of the middle ear without 
disturbing the soft tissue of the external auditors canal or the eardrum 
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Careful removal of the inner quarter of the bonv external canal down 
to the horizontal semicircular canal allowed visualization of the ossicles 
The incudo-malleolar joint appeared to be normal The superior malleolar 
ligament was normal The incus was completelv dislocated from the 
stapes Directed anteriorlv it was holding the stapes partiallv fixed 
however there was some mobilitv of the stapes Since it was not pos¬ 
sible to replace the incus on the head of the stapes so that it would 
remain it was therefore removed The cavity was closed 

The above audiogram of the left ear taken on January 14 195S ten 
months postoperative^ „ showed 

The result is best stated in the patients words I hear 100 per cent 
better and I notice it mostly in conversation 

Although the final hearing result is not normal it falls in the range 
of better than 25 db in all speech tones except those of 2 000 c\ cles per 
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the facial paralysis, 'which became complete, electrical treatments were 
carried out daily Two and a half months postoperatively slight motion 
of the nasalus muscle was suspected This was moie definite by the end 
of foui and a half months 

The patient was not seen again until Tune 21, 1957, appi oximately one 
jear after operation Examination showed definite motion of all branches 
of the right facial nerve except the frontalis The patient said he had 
noticed beginning motion in Match of 1957 He also said that on occa 
sions he had had a momentaiy feeling of propulsion, but no real vertigo 

Audiograms at this time showed 50 decibels loss of hearing up to 1,500 
cycles per second Theie was a shaip diop above that to 100 db loss 
at 6,000 cycles per second 
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Case ) A girl, aged 18 was examined on February 1G 1957 because of 
hearing loss and low pitched buzzing tinnitus 


Seven months prior to admission on July 21, 195G, she had been the 
guest passenger In the front seat of a car An accident occuned, during 
which she was thrown forward and hit the left side of her head against 
the dashboard There was no facial laceiatlon or unconsciousness The 
left ear bled some, but it was not tieated 


She noted loss of hearing in the left ear immediate]) aftei the acci 
dent and for one week after the accident she had a loud buzzing tinnitus 
This impioved somewhat but a low pitched buzzing tinnitus persisted 
There had been no 'sertigo at an> time She denied past ear disease and 
claimed entiieh normal hearing prior to the accident, however, she had 
never had the hearing tested 


Trvnmination disclosed no abnormalities except for the left ear The 
eardrum on this side appeared to be slighth retracted The incudo 
f ^aini inint was \isible through the drum and appealed to be in 
no?nml UslUon The above audios am of the left ear shoved 

This is a pure conductive healing loss Inflation of the Eustachian 
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One case of dislocation of the incus is also reported Sur¬ 
gical removal of this bone was followed by clinically useful 
heaung 
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INSTITUTE ON INDUSTRIAL DEAFNESS 

Colby College, Waterville, Maine, presents the Sixth Annual 
Institute on Industrial Deafness, August 11-20 inclusive 
Please note that the course has been extended for three days 
m order to include engineering for noise conti ol Its ob¬ 
jective will be to tram physicians interested m the problem, 
nurses, plant engineers and otheis m initiating and conduct¬ 
ing heaung conservation progiams m noisy industries The 
course includes basic otology, audiometry, noise measurement, 
eai protection and methods of noise control Class is limited 
to appioximately twenty participants 

The fee for the course is $250 and includes tuition, 100 m 
and board The first week will constitute a complete course 
for doctors and nuises, and the i educed fee for this will be 
$200 Application should be made to Mr William A. Macom- 
ber, Colby College, Waterville, Maine 
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second These findings vould tend to confirm the stated opinion of 
others that serviceable hearing is possible without the ossicular chain 
The} also support the feeling that an intact ossicular chain is responsible 
for 20 to 25 decibels of hearing 

Speech reception thieshold was lecoided at 26 28 decibels Tolerance 
to loud sound was normal Nfnetj decibels of sound, pure tone, and 
white noise were not uncomfortable 

COMMENT 

The vanation m the histones of the fust three patients 
emphasizes the diffeient symptoms and signs which can be 
pioduced by disease of the petious portion of the tempoial 
bone These aie annoying lecunent pain, usually behind 
the eye, peisistent auial dischaige, paialysis of the Vlth and 
Vllth neives, meningeal nutation, vertigo 

The fust patient had all symptoms and signs except letio- 
ocular pam The second had all signs except Vlth and Vllth 
neive paialysis, but theie were signs of ease of oculai muscle 
fatigue The thud patient showed only Vllth nerve paialysis 
and mild, nondiagnostic vertigo 

Roentgenograms of the petrous (Stenvei’s and base plates) 
gave valuable information m two of the patients These aie 
necessaiy additions to loutme mastoid films when any deep 
involvement is suspected 

The case of pnmary cholesteatoma is intei estmg because 
it is laie As m a similai case, reported by Di Kenneth 
Day, 1 the mastoid portion of the tempoial bone was noimally 
pneumatized 

Exploiation and diamage of pus 01 removal of diseased 
bone is essential to successful lecoveiy when the petious is 
involved It is, theiefoie, evident that the otolaryngologist 
must constantly leview the anatomy of the deep tempoial 
bone Antibiotics alone are not the answei 

SUMMARY 

Thiee cases of disease of the petious portion of the tempoial 
bone aie piesented Despite the lanty of petiositis, it points 
up the necessity of constant leview of the anatomy of the 
deep tempoial bone 
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second These findings would tend to confiim the stated opinion of 
otheis that serviceable healing is possible without the ossicular chain 
The\ also support the feeling that an intact ossiculai chain is responsible 
foi 20 to 25 decibels of hearing 

Speech reception threshold w f as recoided at 2G 2S decibels Tolerance 
to loud sound was normal NineU decibels of sound, puie tone, and 
white noise were not uncomfortable 


COMMENT 

The vanation in the histones of the fast tlaee patients 
emphasizes the diffeient symptoms and signs which can be 
pioduced by disease of the petious poition of the tempoial 
bone These aie annoying lecunent pain, usually behind 
the eye, peisistent aiual dischaige, paialysis of the Vlth and 
Vllth neives, meningeal in itation, veitigo 

The fast patient had all symptoms and signs except letio- 
oculai pain The second had all signs except Vlth and Vllth 
neive paialysis, but theie weie signs of ease of oculai muscle 
fatigue The thud patient showed only Vllth neive paialysis 
and mild, nondiagnostic veitigo 

Roentgenogiams of the petious (Stenvei’s and base plates) 
gave valuable mfoimation m two of the patients These aie 
necessaiy additions to loutine mastoid films when any deep 
involvement is suspected 

The case of pnmaiy cholesteatoma is mtei estmg because 
it is laie As m a similai case, lepoited by Di Kenneth 
Day, 1 the mastoid poition of the tempoial bone was noimally 
pneumatized 

Exploiation and diamage of pus oi lemoval of diseased 
bone is essential to successful lecoveiy when the petious is 
involved It is, theiefoie, evident that the otolaiyngologist 
must constantly leview the anatomy of the deep tempoial 
bone Antibiotics alone aie not the answei 


SUMMARY 

Thiee cases of disease of the petious poi tion of the tempoial 
bone aie piesented Despite the lanty of petiositis, it points 
up the necessity of constant leview of the anatomy of the 
deep tempoial bone 
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One case of dislocation of the incus is also leported Sur¬ 
gical lemoval of this bone was followed by clinically useful 
healing 
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EXPERIMENTAL OBSERVATIONS ON SQUAMOUS 
METAPLASIA OF THE TRACHEA 


Noble 0 Correll, M D , 
and 

Edward J Beattie, Jr , M D , 

(By Invitation), 

Chicago, Ill 
INTRODUCTION 

In 1955 we began studies of the physiology of the tiachea 1 
Since much of the leseaich on lespnatoiy epithelium has 
been accomplished bv otolaiyngologists we felt that oui find¬ 
ings might be of mteiest to this gioup 

REVIEW OF THE LITERATURE 

Moie than 25 yeais ago theie had been numeious obseiva- 
tions on the physiology of the epithelium of the lespnatoiv 
passages, by seveial diffeient mvestigatois 1 ' n in ' u 

In 1956, Hildmg published a senes of foiu ai tides on cig- 
aiette smoking, bionclnal caicmoma and ciliaiy action M ' s 
Pioetz has also made numeious substantial contilbutions to 
the undeistanding of the physiology of lespnatoiy epithe¬ 
lium I= 11 A complete leview of the above liteiatiue m this 
papei is not possible noi necessaiv 

We weie mteiested m knowing whethei the duection of 
beat of the cilia was mheient within the cell oi due to some 
othei factoi We also wanted to know whethei an autogen¬ 
ous devasculanzed fiee tiacheal giaft would suivive, and if 
so, how the epithelium legeneiated 

In both dogs and chickens it was possible to excise two- 

♦Road at the meeting: of tho Middle Section of tho American I>ar\ iiroIor- 
lenl RhlnoloRlcal and Otolotficnl Society Inc ChicnRO 111 inn 11 inr>s 

trrom the Surplcal Rt Hcoreh Laboratories Pronin torian-SL Luke a Hos¬ 
pital and the UnUerslCv of lllinoiH School of Medicine Chlcn.RO Ill 

v’liiinr r Note This manuscript n c» lud in The Lar\ ngosLopo Office and 
accepted for publication March 10 
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inch segments of the ceivical tiachea and anastomose the de- 
vasculanzed autogenous tiacheal segment in a xeveised direc¬ 
tion, so that the cilia of the giaft pointed caudad Those ani¬ 
mals and buds which survived weie killed and autopsied aftei 
vanable penods The trachea, including the giaft, was ex¬ 
cised, fixed and stained foi histological examination 

The giaft showed ischemic degeneiative changes through¬ 
out the fust 12 days Duimg this penod the only lemnant of 
the epithelium was islands of leserve cells which weie always 
m evidence Appioximately two weeks following the le¬ 
vel sal of the giaft, levasculanzation could be seen m the 
sub-mucosal stioma, and by thiee weeks the noimal ciliated 
epithelium had completely legeneiated from the suivivmg 
islands of cuboidal type reserve cells 

It was demonstiated that the cilia of the leveised tiacheal 
giaft letam then dnection of beat with lespect to the giaft, 
thus propelling the oveilymg mucus stieam caudad 

An incidental finding duung these expel iments was that 
m the dog, the cncumfeiential tracheal anastomoses tended to 
stucture Such a tendencv could be discouiaged by lotatmg 
the giaft so that the membianous poitions of the giaft and 
trachea did not meet This pui poseful lotational mal-align- 
ment lesulted m a nng of solid cartilage at the anastomotic 
sites which lesisted stenosis 

The chickens, havmg complete cartilaginous lings without 
a membianous portion, showed no tendency towaid stricture 
of their tiacheal anastomoses 

Anothei incidental finding was that the buds and animals 
with levelsed tiacheal giafts always earned a nng of mucus 
at the caudad anastomosis, wheie it was continuously being 
piled up by the cilia These cieatuies weie foiced to cough at 
legulai mteivals to clear then mucus accumulations 

The pioximal anastomosis Avas always diy and underwent 
squamous metaplasia When the anastomoses Avere excised 
and the ends le-appioximated, squamous metaplasia again 
occuned at the site of the pioximal anastomosis This find- 
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and 
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Chicago, Ill 


INTRODUCTION 

In 1955 we began studies of the physiology of the tiachea 1 
Since much of the leseaich on lespnatory epithelium has 
been accomplished by otolaiyngologists we felt that oui find¬ 
ings might be of mteiest to this group 


REVIEW OP THE LITERATURE 

More than 25 years ago there had been numeious observa¬ 
tions on the physiology of the epithelium of the lespnatory 
passages, by several different investigates 3 ' 4 ' 01011 

In 1956, Hildmg published a series of four ai tides on cig¬ 
arette smoking, bionclnal caicmoma and ciliary action 6 0 7 8 
Proetz has also made numeious substantial contilbutions to 
the understanding of the physiology of lespnatory epithe¬ 
lium 1213 A complete review of the above hteiature in this 
papei is not possible nor necessary 

We weie interested in knowing whethei the dnection of 
beat of the cilia was mheient within the cell oi due to some 
othei factoi We also wanted to know whethei an autogen¬ 
ous devaseulanzed fiee tiacheal giaft would survive, and if 
so, how the epithelium legenerated 

In both dogs and chickens it was possible to excise two- 


*T?pnd nt the meeting of the Middle Section of the American I>ar> n&olog¬ 
ical Rhinologlcal and Otological Society Inc Chicago Ill Jan 13 1958 

+ TPrnm the Surgical Research Laboratories Presby terlan-St Lukes Hos¬ 
pital and the University of Illinois School of Medicine Chicago Ill 

Note This manuscript recehed in The Laryngoscope Office and 
accepted for publication March 10 1958 

1036 



CORRELL &. BEATTIE SQUAMOUS METAPLASIA 


1039 


mg was piesent in all of the buds and animals with leveised 
tiacheal giafts 

The woik just descubed has been pieviously leported 12 

METHODS 

Foui dogs weie allowed to live longei than one yeai aftei 
then tiacheal giaft leveisals Two dogs weie killed on then 



Fig 3 Trachea caudad to reversed graft in a dog 500 days after re¬ 
versal of cervical trachea and nine days after permanent tracheostomy 
cephalad to the graft Note the absence of ciliated columnar cells which 
ha\ e presumably sloughed as the result of inflammation from retained 
secretions 


400th post-opeiative day They weie autopsied and their 
tracheal giafts, including the anastomoses, weie piepaied for 
histological examination Two dogs weie given peimanent 
tracheostomies, bunging the cricoid cartilage out as a tracheal 
stoma on then 450th and 500th post reveisal day lespectively 

A fifth dog is living as a pet, with a cervical tiachea le- 
versed more than two and one-half years ago 
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Fig 1. Squamous metaplasia of proximal anastomosis of reversed auto¬ 
genous tracheal graft 


[ 



Fitr 2 PerslBtent squamous metaplasia of proximal anastomosis 400 
da>s after reversal of cervical trachea in the dog- 
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mg was present in all of the buds and animals with leveised 
tracheal giafts 

The woik just descubed has been pieviously leported 12 

METHODS 

Foui dogs weie allowed to live longei than one yeai aftei 
then tiacheal giaft ie\eisals Two dogs weie killed on then 
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Fig: 3 Trachea caudad to reversed graft In a dog BOO daj s after re¬ 
versal of cervical trachea and nine da> s after permanent tracheostom> 
cephalad to the graft Note the absence of ciliated columnar cells which 
have presumabl} sloughed as the result of inflammation from retained 
secretions 


400th post-opeiative day They weie autopsied and then 
tracheal grafts, including the anastomoses, weie piepared for 
histological examination Two dogs weie given peimanent 
tracheostomies, bunging the cncoid cartilage out as a tiacheal 
stoma on then 450th and 500th post reversal day lespeetively 

A fifth dog is living as a pet, with a cervical tiachea le- 
versed more than two and one-half years ago 
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Fig- 4 The re^'* ersed graft of the same animal depicted in Fig* 3 Note 
the maiked ^scularity and inflammatory cells beneath the mucosa 



Fig 5 A 
show ing a 
epithelium 


tracheal graft In the dog four months following reversal 
arge number of mucus producing cells in the regenerated 
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RESULTS 

The two dogs killed 400 days following leveisal of then 
ceivical tiacheas showed heavily ciliated columnai epithelium 
lining the giaft Tlieie was squamous metaplasia of the 
proximal anastomosis which diffeied m no lespect fiom the 
metaplastic changes found m the pioximal anastomoses of all 
the pievious specimens examined (see Figs 1, 2) 

The two dogs given peimanent ti acheostomies died eight 
and nine days latei of letamed secietions, with asphyxia and 


I 

f 

] 

1 



FIet 6 Another section from the same graft as Fig 5 showing mucus 
pits 


severe tiacheo-bionchitis The epithelium of then tracheas 
diffeied from that of then giafts, m that the trachea showed 
uniform suivival of the leserve cells only, m an oideily solid 
sheet (see Fig 3), while the grafts showed moie sub-mucosal 
vascularity- and a thicker, moie metaplastic and basophilic 
epithelium (see Fig 4) 


DISCUSSION 

Whether this heaviei, better preserved epithelium is the re- 
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suit of a bettei blood supply 01 a distoited giowth pattein 
brought about by the pievious phase of legeneiation of the 
giaft is not known 

It does appeal that the epithelium of the giaft usually dif- 
feis m some lespects fiom the normal lespuatoiy epithelium 
Theie aie moie mucus pioducmg cells m the epithelium of 
the giafts (see Fig 5), and many of these cells aie clumped 
togethei, foimmg a clustei of ciliated goblet cells located 
aiound a depiession in the suiface of the mucosa (see Fig 6) 
These glandular, mucus pioducmg pits, lined by cilia, aie 
moie numeious than the well-known lacemose glands of the 
tiacheo-bionclnal tiee The “mucus pits” aie also moie 
shallow, the entiie glandulai aggiegate being supeificial to 
the basal layei of leseive cells of the epithelium 

Even the suiface of noimal tiacheal epithelium is pock- 
maiked by glandulai oi if ices when examined undei suitable 
magnification and illumination Whethei these ciateis lepie- 
sent “mucus pit” glands oi openings of the lacemose glands 
ducts is not known 

SUMMARY AND CONCLUSIONS 

1 Squamous metaplasia of the cephalad anastomosis of le- 
veised autologous tiacheal giafts peisists foi moie than one 
yeai 

2 The mucosal lining of the giafts seems unusually well 
supplied with ciliated goblet cells, fiequently clusteied aiound 
“mucus pits ” 

3 The legenerated epithelium of the giafts exhibits an ab- 
noimal lesponse to infection, the significance of which is un¬ 
known 
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UNUSUAL TUMORS OF THE TONSIL AREA *f 

Lewis W Jordan, M D , 

Poitland, Ore 


INTRODUCTION 

Since distuibances of the tonsil and its sunounding stiuc- 
tuxes aie commonly caused by infection, it was thought that 
by way of conti ast a discussion of five tumois in this area 
would be of geneial mteiest and value 

These tumois aie 1 Osteoma of the mnei suiface of the 
mandible piesentmg in the left tonsil fossa, 2 Fibio-liposar- 
coma aiising on the doisum of the tongue and extending into 
the light tonsil fossa, S Mixed tumoi of abenant salivaiy 
gland m the nasophaiynx invading the left postenoi pillai, 
U Malignant lymphoma of the light tonsil, 5 Squamous cell 
carcinoma of the left tonsil The fust three tumois occui 
lathei commonly m many paits of the body but aie unusual 
m the sites to be descnbed, while the last two neoplasms aie 
occasionally seen only in the tonsils 

OSTEOMA OF MANDIBLE 

Case 1 Mrs V H white, age 50 was refenetl on Nov 29, 1954 because 
of an asymptomatic medial protiuslon of the left tonsil which had been 
found during a loutlne physical examination The tonsils were atrophic 
and the one on the left appeared to be displaced medially by a large firm, 
discrete, and fixed mass about 5 or G cm in diametei coming up from 
the base of the tonsil fossa The eai, nose, throat nasopharynx, lai>nx, 
sinuses, and neck showed no essential patliologj, and the general exam 
ination was not contiibutan The lepoit of a small biopsy was “chronic 
tonsillitis with focal ulceiation” 

Under general anesthesia on Dec 13, 1954, a vertical incision made be 
hind the anterior pillar immediately disclosed a smooth and spherical 
osteoma with the atrophic tonsil stretched over it Both tonsils were 
removed by dissection and snare The bony tumoi was tound to be at 
taclied to the inner surface of the angle of the mandible b> a very broad 
base B\ means of mastoid gouges several large fragments of the mass 
were remo\ed The bone was so hard that the edge of one gouge was 


♦Head at the meeting of the Western Section American Dar> ngological 
Rhlnological and Otological Society Inc Be\crl> Hills Calif Jan 18 1958 
frrom the Department of Otolarjngolog> UnHcrsIU of Oregon Medical 
School Portland Ore 

Traitors Note This manuscript receded In The Bar\ngoscope Office and 
accepted for publication March 4 
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broken Bv this tame it was evident that complete removal of this benign 
tumor would be a major procedure which was not justified b\ the 
svmptoms Accordinglv the wound was closed bv suturing the anterior 
and posterior pillars together 

The pathology report bv Dr Warren C Hunter was as follows In ad 
dition to tonsils there are a numbei of pieces of hone the largest meas 
uring 2 5x15 cm having roughened and somewhat cancellous surface 
opposite to a smooth and convex aspect The mass cut with great dif¬ 
ficult and mostL appeared solid rather than cancellous 

In nncrosections the mass proved to be extremelv dense bone poor In 
hone cells and with a good many Ha\ersian canals present. If this is 
other than an exostosis it can be termed an osteoma (see Fig 1) 



B\ Dec 20 the edges of the wound had separated and the bare osteoma 
was widelv exposed On Jan 21 19 o 5 the bonv mass was still completed 
exposed with no evidence of progress in covering bv soft tissue however 
shortlv thereafter a large superficial sequestrum was removed which 
revealed healthv granulations extending over the entire osteoma In a 
few davs the area was completelv covered bv normal mucosa 

The post-operatn e X rav report of Dr Arthur L Hunter on Dec 23 
1954 stated Radiographv of the left mandible shows a huge semi-oval 
calcium densitv projecting medial to the angle of the mandible on the 
left side This densitv measures about 5 or 6 cm in greatest diameter 
and has the radiographic characteristics of a huge osteoma (see Pig 2) 

The patient was last seen on Aug 20 1957 at which time the mass 
appeared to be unchanged in size and the patient was having no throat 
svmptoms 
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Thoma 1 descnbed the lemoval of a similai tumoi by an 
extiaoial appioach The mass was so laige that it intei feied 
with talking and pi evented the wealing of an uppei dentuie 
Because the osteoma was so haid it was necessaiy to lemove 
pait of the coitex of the mandible with the specimen The 
same wntei states, 2 “The development (of an osteoma) may 
occui m any pait of the maxilla and mandible and anses 
fiom piefoimed bone, penosteum 01 letamed caitilage cells 
fiom the embiyomc chondioskeleton Giowth is piogiessive, 



ripr ~ Case 1 Osteoma of Mandible as seen b> X-ra> 

but slow, and the tumoi is benign m chaiactei It starts 
spontaneously and is believed by many to be of tiaumatic 
but nomnflammatoiy ongm Its giowth geneially ceases 
with the teimmation of geneial skeletal development” 

IJhlei 3 piesented the case of a man with such a laige 
pedunculated osteoma attached to the lowei fust molai area 
that the tongue was displaced, making the intake of food dif¬ 
ficult The tumoi was thought to be the lesult of a blow to 
the lowei jaw 37 yeais befoie Removal was accomplished 
with a Gigli saw 
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Rosedale and Haigiaves 4 leported the case of a coloied man 
with an osteoma of the mnei surface of the mandible extend¬ 
ing fiom the left lateial mcisoi tooth as fai postenoily as the 
postenoi pillai of the tonsil and extending veiticalty fxom the 
supenoi surface of the mandible to the mfeiioi suiface Be¬ 
cause of difficulty m swallowing and speaking it w r as lemoved 
mtiaoially 

Tiue osteomas occui lathei fiequently m the frontal sinus 
Ewing 5 states that these anse fiom fiagments of cartilage 
connected with the ethmoid Osseous change of the maxilla 
and mandible often is associated with dental pathology and 
the occuiTence of an exostosis is lathei common At times, 
bone is combined with cartilaginous, fibious, 01 othei types 
of tissue in a neoplasm The toius palatmus and toius man- 
dibulans aie common and usually cause difficulty only m the 
wealing of dentuies 


FIBRO-LIPOSARCOMA OF THE TONGUE 

Case 2 Air M R white, age 45 sought treatment on No^ 4 1944 be¬ 
cause of the sensation of a foreign bod\ in his throat. He stated that in 
1923 (age 24 vrs ) a tumor had been removed from the posterior part of 
his tongue The record of this procedure was not available Later he 
vas treated b> the late Dr Frank B Kistner of Portland Ore whose 
record was as follows This patient was seen in 1927 (age 2S vrs ) at 
which time a large mass vas found attached to the lover outer border 
of the anterior surface of the right side of the epiglottis On Jan 7 this 
was removed b\ sharp dissection under suspension laryngoscopv The 
pathological diagnosis was adenomvxoma with doubtful malignancv In 
Alav 1941 a biops\ was taken which shoved no malignanc\ 

The examination in 1944 (age 45 vrs ) showed a rather large vellov 
smooth soft and lobulated mass on the right side of the tongue extend 
ing from the epiglottis to the deep surface of the right tonsil (see Fig^ 3] 
Nothing else of significance vas found in the local or general ph\slcal 
examination On Dec 7 1944 under general anesthesia the tumor was 
removed bv sharp dissection along with both tonsils The tumor had 
extended between the capsule of the right tonsil and the fossa bed Bleed 
ing was slight and the mass whose dimensions were 4 5x3 5x1 cm was 
surrounded b\ a definite capsule and was on the surface of the tongue 
The pathological diagnosis by Dr Warren C Hunter was submucous 
lipoma He commented that this was the first time that he had seen a 
lipoma in this location 

The vound healed well and periodic examinations shoved no recur 
rence until June 20 1952 (age 53 vrs ) when a discrete mass about 1 cm 
in diameter with a broad base was found on the right side of the tongue 
in the vallecular fossa The patient returned for surgerv on Feb 7 1953 
The tumor was now about the size of an olne and was removed bv sharp 
dissection under local anesthesia A small adjoining mass was also 
resected 
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Thoma 1 descubed the lemoval of a similai tumoi by an 
extiaoial appioach The mass was so laige that it intei feied 
with talking and pi evented the wealing of an uppei dentine 
Because the osteoma was so haid it was necessary to lemove 
part of the cortex of the mandible with the specimen The 
same wiitei states, 2 “The development (of an osteoma) may 
occui in any part of the maxilla and mandible and anses 
fiom pieformed bone, periosteum 01 letamed cartilage cells 
fiom the embryonic chondioskeleton Giowth is piogiessive, 



Pig 1 2 Case 1 Osteoma of Mandible as seen b\ X-raj 


but slow, and the tumoi is benign in chaiactei It starts 
spontaneously and is believed by many to be of tiaumatic 
but nomnflammatoiy ongm Its giowth geneially ceases 
with the teimmation of geneial skeletal development” 

Uhlei 3 piesented the case of a man with such a laige 
pedunculated osteoma attached to the lowei fust molai aiea 
that the tongue was displaced, making the intake of food dif¬ 
ficult The tumoi was thought to be the lesult of a blow to 
the lowei jaw 37 yeais befoie Removal was accomplished 
with a Gigli saw 


Fig- 4 Case 2 Top—Photomicrograph (X160) of a representatl\ e por¬ 
tion of the original tumor removed in 1^27 Adult-tvpe fat cells are 
abundant but between these in places are elongated cells with fairlv large 
and \ er\ deeplv stained nuclei representing the sarcomatous element 
Middle—Recurrent tumor of 1944 at this time entlrelv lipomatous and non- 
malignant (X160) Lower—Representative area from the 1953 recurrence 
now somewhat more sarcomatous than In 1927 but still containing manj 
adult adipose cells (X160) 
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Fig 3 Case 2 Fibro-liposarcoma of dorsum of tongrue extending into 
tonsil fossa 


The patholog\ examination as lecorded by Dr Hunter was as follows 
The pathological diagnosis of the tumoi removed In 1927 was adeno 
m>xoma with doubtful malignanc\ ” 

Reviewed in late 1957 the histopathology proved to be identical with 
that obsened in the recun ence of 1953 termed recurrent flbro liposar 
coma 

In 1944 a mass of yellow tissue drvlded into two parts b> a cleft sur 
rounded a thin fibrous zone and measuring 4 5\3 5x1 cm was reviewed 

Microscopically this proved to be principal^ fat cells of adult type, 
together -with some mature collagenous type connective tissue Vascu 
laritv was not at all excessive There were no lipoblastic cells The 
pathologic diagnosis was submucous lipoma 
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articular, peimeal and mediastinal legions They geneially 
first appeal as rounded swellings of spontaneous origin, winch 
grow steadily 01 lapidly until large 01 bulkv masses result 
with promment piessuie svmptoms They aie usually en¬ 
capsulated until recuuences deielop as diffusely infiltrating, 
lnghlv malignant and metastasizing piocesses ” 

Boyd 10 m discussing letiopentoneal hposai comas says 
“Microscopicallv the greater part of the mass consists of adi¬ 
pose tissue, but here and theie mav be found areas of myxo¬ 
matous tissue and sarcomatous formation It appeals probable 
that these have de\ eloped piimanly and that the tumoi 
lepiesents an embryonal type of tissue, rathei tlian that they 
ai e due to a transformation of the lipoma ” 


MIXED TUMOR OF THE XASOPHARTXX 

Ca*c S Mrs D C M white ace 52 In a general physical examination 
bv Dr Eldon W* Snow on Feb 10 1957 a swelling of the left tonsil area 
was noted It appeared as a fullness of the soft palate and posterior 
pillar which pushed the tonsil forward and medially The mass did not 
appear to change m size and on Oct, 27 1957 was explored bv Dr Snow 
Upon removal of the normal tonsil the tumor immediately protruded 
through the posterior pillar It appeared to be of the consistencv of 
cartilage which fragmented easilv and was readllv separated from the 
surrounding tissue A large fragment was removed for biopsv and the 
pathological examination bv Dr TVarren C Hunter revealed chondro¬ 
sarcoma 

X rav examination bv Dr Arthur L# Hunter revealed a large discrete 
opacitv about 4 cm. in diameter protruding from the left lateral vail of 
the nasopharynx bevond the midlme with no evidence of bone destruc¬ 
tion X rav examination of the thorax was normal Otolarvngological 
examination showed the soft palate and left posterior pillar to he pushed 
forward bv a large mass covered with normal mucosa protruding into 
the nasopharynx from the left side It extended almost to the midlme 
and compressed the Eustachian orifice Xo other significant abnormalitv 
was found 

Definitive suxgerv was carried out bv the writer on Xov 21 1957 
Under general anesthesia, the left external carotid arterv was ligated 
below the lingual branch A tracheotomy was performed to facilitate 
anesthesia, and the hvpopharmx was completely packed off A vertical 
incision was made through the left side of the soft palate beginning in 
the tonsil fossa and extending upwnrdiv to the posterior edge of the 
hard palate Tumor tissue with a definite capsule was immediately 
encountered It was soon found that the tumor extended into the sur 
rounding muscles extensively Bv sharp and blunt dissection the large 
neoplasm with a wide margin of surrounding normal muscle was re¬ 
moved in manv pieces with a minimum of bleeding The largest fragment 
measured 5x4x3 cm In order to remove the tumor completelv it was 
necessary to resect large portions of the left internal pterygoid muscle 
the palatine muscles and the posterior pillar The resulting cavitv was 
bounded above bv the Eustachian cartilage (not involved bv tumor) and 
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In 1953, the specimen consisted of two tissues, one both smooth and 
lough surfaced, very soft white to red and measuring 13x1x0 5 cm, the 
other smooth evervwhere soft, white to faintly pink and having dimen 
sions of 3x2 5x1 5 cm The cut surfaces proved to be w hite to faintly 
} ellow 

Over a part of the larger tissue was a coveung of stratified squamous 
epithelium along with underlying aggiegates of lymphocytes The mass 
consisted of connective tissue and of fat and mingling w r ith the latter 
were a good many cells of varying size and with hyperchromatic nuclei 
The cytoplasm lacked demonstrable vacuolization in the paraffin sections, 
yet their form otheryvise and m a background of adipose tissue gave the 
impression that this groyyth must be considered as a recurrent fibro 
liposarcoma, and such yyas the pathological diagnosis Since all of the 
material had been embedded there was nothing available for fat staining 
(see Fig 4) 

In a wntten consultation on this patient, Di Simeon T 
Cantiell of Seattle, Wish, stated that he had nevei seen a 
similai tumoi on the tongue, and that it was one of the veiy 
laie forms of mesenchymal sarcoma which has consideiable 
radio-sensitivity He suggested that this patient should not 
be ladiated unless the tumor should recui 

At the piesent time there is no evidence of local lecunence 
oi metastasis Obviously this tumoi had a low degiee of 
malignancy, as shown by its long duiation and its recunence 
at one time as a lipoma 

A patient with a simple lipoma on the antenoi suiface of 
the tongue has been leported by Biaunstem 0 

Saunders' m reporting a hpofibioma of the larynx piesents 
an extensive bibliogiaphy on the subject of lipoma of the 
laiynx Seveial of the cited cases of pi unary laryngeal lipoma 
showed extensions of the tumoi to the epiglottis and vallec- 
ulae One tumoi oiigmated on the left aiyepiglottic fold 
and was diagnosed as myxolipoma with saicomatous changes 
All of these tumoi s weie lemoved suigically 

Knowles and Hugill 8 have leported the case of a 12 -yeai-old 
child who had a pi unary liposaicoma m the submucosa of the 
naso-phai ynx The patient died with metastasis to the lungs, 
liver and biam 

Lipomas aie commonly seen in many parts of the body and 
aie usually of no majoi consequence Ewing” states that 
“Liposaicomas aie most fiequent m the mtermusculai, pen- 
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Boyd 11 states that a mixed tumoi has two components, the 
fust of which is the epithelial cell and the second, the spindle 
01 stellate cell, sepaiated by abundant intei cellular mucoid 
mateiial He states that m places this matenal may closeh 
lesemble oi be identical in appeal ance with cartilage It was 
consideied very fortunate that this tumoi was of the mixed 
type rathei than a chondiosaicoma Wirth and Shim]an 1= 
report a chondiosaicoma of the nasopharynx, which was very 
extensive and had a fatal outcome in spite of extensne suigical 
i emoval 

Mixed tumois commonly anse m the majoi salivary glands, 
and also occasionally in aberiant salivary glands widely scat- 
teied ovei the whole of the oral mucosa If the tumoi is 
completely lemoved by the first opeiation, the piognosis is 
geneially consideied to be quite favoiable, howevei, “lecur- 
lence” may follow incomplete i emoval In oidei to be suie 
of total i emoval the tissue sunoundmg the capsule must be 
lesected Malignant changes aie uncommon The author 
obseived m 1946 the l emoval by Di Louis Clerf of a large 
mixed tumoi of the nasopharynx b\ a tianspalatme approach 
In leportmg 33 malignant tumois of the nasopharynx, Hara is 
includes two mixed salivary gland tumois 

In the piesentlv reported case, tlieie was no connection 
between the nasopharyngeal tumoi and the deep lobe of the 
parotid gland, however, Morfit 14 leported 12 mixed tumors 
arising from the deep lobe of the parotid and piesentmg in 
the lateial pharyngeal wall as a large mass coveied with 
normal mucosa Occasionally also the tumoi piesented below 
the horizontal lamus of the mandible The pharyngeal prom¬ 
inence is to be distinguished from an aneurysm or a large 
carotid body tumor External i emoval of the laige parotid 
mass was recommended 

Sonnenschem 15 has described two mixed tumors m the soft 
palate These were suigicallv removed and aie raie m this 
location 


MALIGNANT LYWPHOAIA OF THE TONSIL 

_Mrs K L white age 60 consulted her family physician on 

July 3 l q 57 because of a sore throat of two weeks duration His exam 
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the base of the skull, laterally by the styloid process and carotid sheath, 
posteriorly by the longus capitis muscle, and anteiiorh by the remains of 
the soft palate 

The postoperative couise y\as uneventful except for trismus yyhich has 
gradually improved 

The pathological report by Dr Hunter of the original biopsy y\as The 
portions of tissue fiist seen had the color, consistency and cutting quali 
ties of hyalin cartilage Sections contained nothing other than apparent 
cartilage and because of the atypical chaiacter of the nuclei the initial 
diagnosis y\as chondrosarcoma 



Fig 5 Case 3 Mixed sally ary gland tumor (X1G0) this field contains 
mam nests of epithelial cells relati\eU little matrix and no cnrtilage 
whereas the biopsy consisted entirely of atypical cartilage 


The largest of the masses, remoyed on No\ 21 1957, appealed to be a 
partially encapsulated lobulated white tissue measuring 5\4x3 cm , cut 
with the consistency of cartilage and was white to yellow 

Microscopically the growth consisted in large part of bluish pink to 
violet staining material rather poor in cells of apparent epithelial nature 
occurring in solid strands, and as small alveoli These had some re 
semblance to the alveolar epithelium of a serous type of sali\ary gland 
Mucus was not a component of the cells or the lumens of the alyeoli 
None of the cells appeared to be of squamous type Embedded in sur 
rounding connectse tissue in close association 'with skeletal muscle and 
entirely away from the tumor were some lobules of a salivary gland of 
mucous tyv^f unassociated with neoplasm 

In view of the structure of the whole tumor as contrasted with the 
fragments making up the earlier biopsy the original diagnosis of chon 
drosarcoma was changed to mixed tumor of aberrant salivary gland" 

(see Fig 5) 



JORDAN TUMORS OF THE TONSIL AREA 


1055 


showed the soft palate and right pillars to he grosslv normal with a grav 
membrane lining a normal appearing fossa In the right side of the neck, 
anterior to the sterno-cleidomastoid muscle was a freelv movable smooth 
mass of rubbery consistencv measuring about 10 cm in greatest diameter 
The remainder of the examination including an X-rav of the chest was 
negative X ray therapy was administered in divided doses to the throat 
and neck. The tumor responded well and examination on Oct. 3 1957 
showed the tonsil fossa to be well healed and the mass in the neck to 
have completely disappeared 

Malignant lymphomas of the throat and cervical lvmph glands are 
rather common, and are usuallv considered to be best treated by irradia¬ 
tion 


CARCINOMA OF THE TONSIL 

Case o Mr M. O white, age 57 sought consultation because of a mass 
in his neck He stated that for several months he had visited various 
phvsicians in a large clinic because of a sore throat. He was told that 
he had an infection and was given various antibiotics which gave no 
relief Eventuallv the left side of his neck began to swell and an in¬ 
cision into this mass showed squamous cell carcinoma 

Examination bv the writer showed that a fungating tumor about 5 cm. 
in diameter occupied the left tonsil fossa. The soft palate and pillars 
were indurated and fixed and moderate trismus was present. The entire 
left side of the neck was greatly swollen and indurated The patient 
appeared to be m good general health otherwise 

At that time he had alreadv begun a course of cobalt radiotherapy 
under a competent pbvsician For that reason, be was advised to continue 
the treatment, and that if the lesion in the tonsil was controlled radical 
surgery of the neck should be considered His further progress is not 
known. 

Obviously, the prognosis in a patient such as this is dis¬ 
couraging 

Early and small caicmomas of the tonsil can sometimes 
be completely removed by tonsillectomy If the tumor is 
moie advanced, lriadiation theiapy is usually employed If 
the metastasis m the cervical lymph glands is not too far ad¬ 
vanced, ladical neck dissection is usually the best tieatment 
if the primary lesion can be controlled 


SUMMARY 

The records of five patients having tumors in a tonsil or m 
the surrounding structures are presented The diagnostic and 
treatment problems are discussed and the literature is re¬ 
viewed 



1054 


JORDAN TUMORS OF THE TONSIL AREA 


ination repealed the right tonsil to be enlarged and displaced mediallv 
An enlarged anterioi ceivical lymph gland was piesent on the same side 
Because it was thought to be a peiitonsillar abscess, an incision Mas made 
above the tonsil, but no pus was found Under antibiotic theiapy, the 
tonsil decreased somewhat in size On Aug 13, 1957, the tonsil was 
removed and found to be e\tiemel> laige 

The pathological lepoit by Dr Jeff Minckler Mas as folloMS The 
tonsillai tissue is submitted in three pieces langing from 2 5 to 3 5 cm 
in their gieatest dimensions The epithelial suiface is identified on the 
laiger specimen The surfaces are model ately fragmented and on sec 


T A 
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Fig G Case 4 At a 40X magnification the contrast between normal 
tonsil just below the epithelium of the crypt and the malignant lymphoma 
occupying the lower part of the field is quite evident 


tioning much destruction of the tonsillar tissue is identified The entire 
tissue is mottled pale pink to red Nothing suggestive of a neoplasm is 
encountered 

Microscopically the architectuial pattern of the tonsil is alteied by what 
is interpreted as a neoplastic process of the lymphoma group The 
predominant pattern is that of large follicle-like structures without dis 
tmct germinal centers composed of relatively uniform medium sized cells 
that have somewhat ill defined cvtoplasmic outlines with suggestive tailed 
processes attached Th$re Is slight to moderate mitotic activltv in these 
fields In selected areas there is somewhat more dense cellularity with 
somewhat larger darker staining cells and more apparent mitotic change 
There appears to be local infiltration of the capsular surfaces 

Diagnosis Malignant lvmphoma (lymphosarcoma) of the right tonsil 
(see Fig 6) 

The otolaryngological examination b> the writer on Aug 1G 1957 





SINUS SYMPTOMS ORIGINATING FROM 
MODERN FLIGHT * 


Lt Col Stanley H Bear, 
USAF (MC)tt 


With the advent of a new eia in aviation, man is evei at¬ 
taining higher altitudes and tiavelmg at fastei speeds In 
so doing, he is encountenng physical pioblems which mter- 
feie with his best perfoimance and well-being One of the 
vital pioblems is the involvement of the sinuses due to baro- 
tiauma, a condition moie commonly known as aerosmusitis 

Aeiosmusitis is an acute 01 chionic inflammation of one 
01 moie of the nasal accessory sinuses pioduced by a baro- 
metnc piessuie diffeience between the an or gas inside the 
sinuses and that of the surrounding atmosphere It is com¬ 
monly chaiactenzed by congestion and inflammation of the 
lining stiuctuies Mucosal 01 submucosal hemonhage may 
occui 1 


Theie aie two geneial types of aerosmusitis which may 
develop the non-obstiuctive, which is due to the collection 
of mucous secretions in the ostei, 01 the obstructive type, 
which has three degrees depending upon the seventy Most 
chronic cases will fall into the lattei group and are usually 
of the third degiee 

Dunng the past two years, I have examined, m oui clinic, 
48 cases of aeiosmusitis of the chionic obstiuctive type An 
evaluation has been made of the incidence, piedisposmg fac- 
tois pioducmg the physiological disturbances, signs and symp¬ 
toms, pathology, X-iay findings, treatment and sequelae 

The incidence of aerosmusitis is difficult to evaluate in 


•Head at the meeting: of the Middle Section 
Rhinologlcal and Otological Society Chicago Ill 
tFrom Surgical Service 3810th USAF 
Base Alabama 


American Lar> ngologlcal 
Jan 13 1958 
Hospital Maxwell Air Force 


tThe opinions expressed are those of the author and do not necessarily 
represent the opinions of am department of the Department of Defense, 
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been piopeily buefed on the awaieness of difficulty m flight, 
such as making slowei descent and the use of the Valsalva 
maneuvei, especially m cases of Eustachian tube involvement, 
however, the Valsalva maneuvei is of little benefit m sinus 
obstruction and will not lessen the degiee of symptoms Sev- 
eial flieis with moie than 1,000 hours m conventional an craft 
experienced symptoms on their veiy first jet flight In two 
instances, symptoms occuned dui mg eveiy descent m jet air- 
ciaft, yet they nevei expenenced any difficulty in flying 
slowei conventional an craft 

Theie aie two mam factois which tend to pioduce difficulty 
m flight These aie a rapid change m barometric pressure, 
plus a piedisposmg factoi which interferes with the air or 
gaseous change between the environment 01 nasal cavity and 
that of the sinus cavity The pressure change at the various 
altitudes is noted on the following table 5 


TABLE i 


Altitude Based on United States Standard Atmosphere 
(From Armstrong) 


Altitude 

(Feet) 

Pressure 
(mm Hg ) 

A 

_ . 760 

5 onn _ . —. 

, . . 632 30 

10 000 I_ _ __ 

_522 60 

20 000 — . - 

. _ - 240 in 

30 000 __ ___ 

__225 60 

40 000 ___ _ 

_140 70 

50 000 I__ - ~ - 

-„ 87 30 


In general, on ascent from sea level to 5,000 feet, there is 
a decrease m barometric piessure from 760 mm Hg to 632 30 
mm Hg, one-sixth atmospheie, and on ascent to 18,000 feet 
there is a decrease to 360 mm Hg, or one-half atmosphere 
The change is leversed on descent, therefore, it is especially 
noted that the greater differrential piessure change is noted 
at the lower altitudes This effect is more pionounced as the 
speed or rate of change is increased and greatly altered if a 
predisposing factor m any way interferes with this change 
Proetz 6 states that a i eduction of one-fifth atmospheie (152 
nun Hg ) pressure is ordinarily well tolerated by the mucosa, 
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any gioup of cases We weie unable to con elate the in¬ 
cidence, because the cases weie lefened foi final disposition 
aftei failing to respond to pnmaiy tieatment The exact 
numbei of acute cases, befoie becoming chronic, was undeter¬ 
mined Campbell 2 lepoited on 35,000 simulated flights m the 
altitude chambei, where a dnect conti ol of all cases was able 
to be made, and found an incidence of 1 9 pel cent McGib- 
bon 3 noted 18 cases m 1000 chambei flights, oi incidence of 
1 8 per cent 

One laige aiilme dunng a one-yeai penod, noted a major 
discomfort m its passengeis fiom all causes due to air travel, 
aveiaged about eight or nine pei 1,000 4 The incidence of 
sinus and eai distiess leported vaned from 0 5 to eight pei 
1,000 passengeis earned, and it was felt that this late would 
have been highei if all passengeis who expenenced sinus oi 
ear distiess had leported it Unfoitunately, the numbei of 
flights made m piessunzed auciaft was not diffeientiated 
from those m unpressunzed auciaft 

To oui knowledge, theie has been no leport made on the 
incidence of aeiosmusitis lesultmg from jet airciaft flight 
Of the 48 individuals we examined, 38 experienced symptoms 
of aerosmusitis m pressunzed jet auciaft Of the remaining 
ten cases, six occuned in piessunzed conventional airciaft 
foi a total of 44 cases m piessunzed auciaft Theie weie 
foui cases occuirmg m unpiessunzed conventional an craft 

What aie the factors producing this change’ It was inter¬ 
esting to note that of the 48 auciew members, theie was no 
direct coil elation -with the flying time The minimum num¬ 
ber of houis flown by any of the pilots was appioximately 50, 
and the maximum number of houis was ovei 5,000, when the 
symptoms became incapacitating Theie weie foui cases 
occuinng m the 0-500 hour gioup, eight cases m the 500-1,000 
hour gioup, 13 cases m the 1,000-1,500 houi group, 16 cases 
in the 1,500-3,000 hour gioup, and seven cases occuinng m 
peisonnel with more than 3,000 houis of flying time 

The four cases winch developed m the 0-500 houi gioup 
all occuned dunng the flight training penod in unpressunzed 
conventional aircraft In all instances the individuals had 
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between 12,000 feet and giound level Some occuixed at an 
altitude of less than 5,000 feet The condition seemed to be 
aggravated by the rate and duration of the pressuie change 

Theie are many piedisposrag factois which, m combination 
with a rapid baiometnc piessuie change, eithei on ascent or 
descent, will pioduce an acute obstiuction to the sinus passage 
with lesultmg aerosmusitis The moie common, in deci easing 
ordei of occuience, aie 


TABLE II 

Predisposing Factors In Etiology of Aerosinusitis _ 

Deflection of Nasal Septum (More than 50%) _-— — — 23 

Hypertrophy of middle turbinate with encroachment of middle 

meatus and nasofrontal duct orifice - „ -- 14 

Nasal allergy- --- — 10 

Upper respiratory infection-- ---— - — 7 

Polvps in middle meatus - ---- 7 

Mucocele _ „ _______ 2 

Septal spur__— -— - — 1 

Hypertrophic rhinitis__ ~ --—- - 1 

No abnormal finding at examination -----1 

Cyst on floor of maxlllar\ sinus_ - - — - - - 1 

Vasomotor rhinitis ~ -- -— 1 

Osteoma over sinus orifice of nasofrontal duct-~ ~ -— 1 


In some cases it was noted that moie than one factor was 
prevalent, such as alleigy and nasal polyps, 01 deflection of 
the nasal septum with enci oachment of the middle turbinate 
on the nasofiontal duct, thus, the total on the above chart 
will, m some instances, have moie than one etiologic factor 
It is important to note that deflection of the septum was high 
m over two-thn ds of the cases This resulted m the impinge¬ 
ment of the middle tuibmates lateially ovei the opening of 
the nasofiontal duct with enci oachment on the duct orifice 
This was a significant finding in neaily 50 pei cent of the 
cases The one case of osteoma was located at the onfice of 
the supenoi part of the nasofiontal duct and caused almost 
complete collapse of the mucosa lining the duct Tins acted 
as a suction valve on descent and would obstiuct the onfice, 
producing seveie symptoms Nasal alleigy and polyps were 
present m seven of the cases They weie obstructing the mid¬ 
dle meatus m all instances The case of vasomotoi lhinitis 
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but when m much excess of this may be expected to be fol¬ 
lowed by hemoirhage, eithei mucosal 01 submucosal Behnke 7 
found that if a smus opening is obstiucted and an mci eased 
piessuie of one to two pounds tiansmitted to the body tissues 
and ciiculatmg blood, an aiea of lelatively decieased piessuie 
is pioduced m the an spaces This results in a cupping action 
m the cavity and a vascular congestion of the mucous mem- 
biane Tension is pioduced on the cells of the living mem- 
biane, and the blood vessels distributed m tissue sunoundmg 
the occluded space Pam is piesent m and aiound the in¬ 
volved aiea, associated with congestion and hemonhage 

Today most modem piessunzed anciaft fly at a cabin 
altitude of appioximately 8,000, and those of futuie jet opeia- 
tions will be at 01 neai this altitude on long flights Theie 
is only a slight diffeience on ascent 01 descent of selected 
cabin altitude fiom that of the plane, therefoie, fiom 8,000 
feet to giound level, pi essurization will have little beneficial 
effect on the individual crew membei oi passengei At the 
piesent time CAA Regulations allow a maximum late of 
change of cabin altitude equivalent to approximately 300 feet 
pei minute 8 This applies to both ascent and descent In 
future jet anciaft opeiations theie aie times when a fastei 
late of descent may be pioduced thiough loss of piessunza- 
tion, faulty pi essui ization valves, instiument appioaches, or 
m cases of fuel staivation Any one of these factois will 
necessitate a moie lapid late of baiometnc piessuie change, 
and added to a piedisposmg mtimsic factoi m the passenger 
oi ciew membei, smus symptoms will likely lesult 

It is worthy to note at this point that theie is a diffeience 
m the pi essui ization between military jet anciaft and those 
of anticipated commeicial design At lowei levels, the alti¬ 
tude of pi essui ization is appioximately 12,000 to 13,000, 
lathei than 8,000 feet, and the diffeiential piessuie at high 
altitudes is usually the maximum of 5-plus pounds pei square 
inch, while the commeicial planes aie designed foi 8-plus 
pounds pei squaie mch foi opeiation 

In all the cases in oui senes, theie weie only a few occui- 
lmg above 15,000 feet cabm altitude The majonty occurred 
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sinus and foui with both fiontal and maxillary sinuses in¬ 
volved The fourth majoi symptom was that of a feeling 
of piessuie over the involved sinus, and occuned m seven 
cases The fifth piedommant symptom 01 sign was evidence 
of a delayed bleeding, usually of old blood, occuinng 24 or 
moie hours aftei pnmary involvement This was noted on 
expectoiation upon ansing m the morning, 01 on blowing the 
nose, when blood-sti eaked mucous would be piesent The 
lesser symptoms aie noted on the Table above 

This discussion does not include the ethmoids and sphenoid 
sinuses, because no case of aeiosinusitis occuned wheie only 


TABLE III 


Subjective Svmptoms Experienced with Reference to Invoiced Sinus 



Frontal 

Maxillarj 

Frontal and 
Maxiliar} 

Sharp pain from descent_ 

_23 

7 

2 

Sharp pain from ascent- 

___0 

1 

0 

Pain from ascent and descent _ 

__3 

0 

4 

Generalized headache —__ 

__2 

0 

3 

Pressure oier sinus__— 

__ 3 

2 

2 

Nasal obstruction —- 

_4 

3 

2 

Bleeding (dela>ed) — —- 

_ 4 

0 

2 

Blurring of vision — — - 

- 3 

0 

0 

Lacrimation__ 

_2 

0 

0 

Swelling of upper ejelid 

_1 

0 

0 

Rhinorrhea_~ — - 

_0 

1 

1 

Plugged ears „ —-.— — 

- 3 

0 

1 


the ethmoid and sphenoid was primarily involved When 
there is seveie involvement of eithei maxillary or fiontal 
sinuses there may be associated involvement of the ethmoid 
sinus, but it is not felt to be the cause of the pnmary symp¬ 
tom complex This was also the finding of other authois 28 
As previously noted, the fiontal sinus was most fiequently in¬ 
volved, next, the frontal and maxillary, with the maxillary 
smus the least involved Campbell and McGibbon 2 8 also 
found the fiontal sinus to be the most fiequently involved, 
while Wright, in his senes, found the most frequent site of 
involvement to be the maxillary 9 The leasonmg foi greater 
involvement of the frontal sinus is based on the greater length 
of the nasofiontal duct and its tortuous path and small caliber 
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was in a cadet m tiaimng penod, and was aggiavated by an 
emotional problem On flying, his nose would completely 
obstiuct, causing pam m sinus He was lecommended foi 
psychiatnc evaluation and elimination fiom flying duties 

The above conditions weie piesent even m a select gioup 
of individuals An crew membeis weie given ngid acceptance 
physical examinations, however, m most instances the de- 
foimities weie acquned or developed duung then caieer 
In addition, most pilots had been mdocti mated m the pie- 
ventive medical aspects of flying and propel care of them¬ 
selves duung flight The aveiage air passengei is not as 
well indoctrinated m active and pieventive measures that can 
be performed while flying Many prospective passengei s 
may have a nasal allergy of sufficient degree to be sympto¬ 
matic on descent, active sinus pathology, uppei lespiratoiy 
infection, nasal obstruction of one sort 01 another, 01 a 
maiked degiee of apprehension and anxiety All of these act 
as piedisposmg factors, and when subjected to a lapid change 
of descent will pioduce aeiosmusitis of one degiee 01 anothei 
On ascent, the piedisposmg condition is basically mtia-smus, 
01 m the osteum 01 duct of the smus, while on descent the 
difficulty piesent is m the nasal cavity or sunoundmg struc- 
tuies m the aiea of the duct orifices leading into the sinus, 
as noted m the pieviously mentioned causative factors From 
these findings one is able to deduce whethei the difficulty 
will be encounteied on ascent 01 descent, 01 both 

There are many symptoms produced by aeiosmusitis, but 
the predominant symptom m most cases is pam located ovei 
the involved smus It is described as being shaip, lancinating 
m chaiactei, non-iadiatmg and oecuinng most often during 
descent The frontal smus was involved m 23 instances, the 
maxillary smus m seven, and both fiontal and maxillary m 
two instances (see Table III) 

The second most common symptom was that of nasal ob¬ 
struction This occuned m nine cases and was almost equally 
divided, with involvement of eithei the fiontal oi maxillary 
smus Theie weie seven cases of pam on both ascent and 
descent, with thiee associated with involvement of the fiontal 
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orifice This lesults m fiee bleeding fiom the mucosa sur¬ 
face 01 submucosally, producing submucosal hematoma This 
was noted in four of oui cases Campbell was able to demon¬ 
strate the same findings m his expei iment with a dog m an 
altitude chamber 

The treatment of aerosmusitis usually falls into one of two 
categories the acute phase, and the chronic or persistent 


TABLE IV 


X raj Findings in Aerosinusitis 


FRONTAL. 

Clouding frontal- --- - -— 

Submucosal hemorrhage___— - — 

Polvpoid hvperplasia of sinus mucosa — — 

Mucocele with hemorrhage .— ——--— — 

Osteoma at orifice of nasofrontal duct — — — — 

Large ethmoid cell at orifice of nasofrontal duct —- 

Xo sinuses present —. — —-- 

Fluid level -- - —- 

Xo abnormal findings-—— --- — - -— 



MAXIIAARY 

Clouding --- -- 

Polvpoid hvperplasia _——-— —-—- 

Retention cyst floor of maxlllarv sinus —-- 


o 

3 

2 


BOTH FFOXTALr AND MAXTRLARY 

Clouding_ _ _ _— 

Hvperplastic scarring —-— —- 

Polvpoid mucous membrane--—-— 


8 

2 

2 


type The acute stage is heated conservatively with treat¬ 
ment initiated as soon as possible after symptoms occur 
Treatment consists m the use of vasocontnctoi sprays and 
packs, steam inhalation, antibiotics prophylactically, and ano¬ 
dynes for control of discomfort In seveie cases, applicators 
of 5 per cent cocaine and 1 pei cent ephednne aie placed 
dnectly m the middle meatus at the opening of the naso- 
fiontal duct of the side involved Depending on the time 
interval following initiation of the first symptoms, most cases 
will lespond to conservative management It is worthy of 
mention that the longer the interval befoie treatment is be¬ 
gun, the more difficult it is to obtain patency of the involved 
sinus 
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of opening The opening of the maxillaiy sinus is laigei and 
may have accessoiy openings Von Dimngshofei 10 states 
that moie involvement is expected m individuals with laige 
fiontal sinuses, but m one of oui cases with seveie fiontal 
pam theie was only a small fiontal cell and no development 
of the fiontal sinuses 

X-ray examination is an important phase m the evaluation 
of aeiosmusitis When possible they should be taken im¬ 
mediately as well as seveial days latei if symptoms and signs 
peisist It has been noted m cases wheie theie is eithei 
mucosal 01 submucosal bleeding that definite delineation of 
the aiea involved may not be demonstiated until the bleeding 
is oiganized into a hematoma One of the most difficult X-iay 
diagnoses to make is submucosal hemonhage It is very 
helpful to have pievious X-iay films to help diffeientiate 
fiom polypoid hypeitiophy 01 polyps The lattei is uncom¬ 
mon m the fiontal sinus, otheiwise, the clinical lnstoiy must 
be evaluated to nile out the piesence of nasal polyps and 
alleigy This was the opinion of Coche 11 , also m foui of oui 
cases of bleeding with hematoma found on X-iay The views 
used m loutine evaluation aie Caldwell, Wateis, and latei al 
views Wien indicated, Jammogiams aie beneficial m making 
a diffeiential diagnosis (see Table IV) 

There weie two cases m which moie than one finding was 
made The pathology of aeiosmusitis vanes, depending on 
the etiologic factoi and the degiee of mtia-smus 01 naso- 
fiontal duct changes The histologic stiuctuie of the mucosa 
is a continuation of the nasal lespnatory mucosa with slight 
vanations The submucosa is tlunnei and tends to blend 
with the fibious penosteum of the undei lying bony sinus 
wall The epithelium is a thmnei cuboidal-hke, stiatified 
ciliated stiuctuie The lesulting smus mucosa changes can 
vaiy fiom thickening of the mucosa eithei inflammatory or 
polypoid, 01 theie can be piesence of fluid, blood, mucous, oi 
puiulent secietions in the chambei of the smus In some 
cases, mucoceles will be piesent while otheis have osteoma 
m the cavity coveied with a veiy thin mucosa Piobably the 
most maiked change is that noted m lapid changes of baio- 
metnc piessuie with the complete occlusion of the smus 
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paitial tuibmectomy of the antenoi thud of the middle tui- 
bmate because of polypoid hypertiophy encioachmg on the 
opening of the nasofiontal duct Theie was one case of va- 
somotoi lhimtis which was due to an emotional distuibance, 
and it was lecommended that the individual have psychiatric 
evaluation and be eliminated fiom flying duties 

As a gioup, chiomc cases of aeiosmusitis must have tieat- 
ment dnected to the piecipitatmg factoi, and m most in¬ 
stances the condition can be corrected only by surgical 01 
alleigic management It is easy to ascertain that conserva¬ 
tive management will be of little avail where these conditions 
exist Many of the piedisposmg factors would not lequne 
surgical intervention if the individual weie not flying, how¬ 
ever, when required to fly eithei as passengei or aiiciew 
membei, suigical correction is necessary to alleviate the 
condition 

Of the 48 cases, there weie three cases which weie entirelv 
unsuccessful following treatment two of these cases showed 
marked nasal polyposis and polypoid hypertrophy of the tur¬ 
binates and an underlying allergic condition The individuals 
were unable to fly without repeated bouts of aeiosmusitis 
The other case was that of the vasomotor rhinitis, foi which 
no treatment was indicated as it was felt to be due to an 
emotional basis There were three cases m which the in¬ 
dividuals were able to fly, but at intermittent intervals would 
still experience symptoms, usually not to the degree of in¬ 
capacitation from flying duties Two of these cases weie 
allergic rhinitis with polyposis, while the third case was that 
of recurrent upper respiratory infection This individual 
is still undergoing treatment to determine the etiology of his 
infection. The remaining 41 cases have been returned to 
firing dutv and have experienced no difficulty m most cases, 
and minimal symptoms in a few cases which did not interfere 
with dutv performance All cases were followed for a mini¬ 
mum of one year, however, due to loss of contact and follow¬ 
up in some cases the incidence of recurrence may have been 
shghtlv higher One case has lecently been discharged from 
the hospital following frontal smus surgery for submucosal 
hemorrhage and obstruction to the nasofrontal duct He has 
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In oui senes, almost all the cases weie of a chiomc natuie, 
having been refeiied when conseivative management failed, 
or when theie was a lecunence of the condition at fiequent 
intervals Following is a table showing the vanous treat¬ 
ments utilized m the 48 cases of oui senes 

In several cases, moie than one pioceduie 01 combined 
pioceduies were necessary to collect the condition In 20 
cases, conseivative management was used which consisted 
of antibiotics when indicated, vasoconstnctois and steam in¬ 
halation, or minor suigical manipulation to produce a patent 
osteum of the involved sinus The conseivative treatment 

TABLE V 

Treatment of Aerosinusitis (Chronic Cases) 


Conservative (antibiotics, vasoconstrictors, steam inhalation)__20 

Submucous resection _ - _ .. 19 

Infraction of middle turbinate —- _ . 13 

Polypectomy _ ____ __7 

Allergic management —-— _ „ 5 

Frontal sinusotomy (Ljnch approach) _ 4 

Antral window — _ _ „ 1 

Vasomotor rhinitis* ~ „ _ _ „ 1 


•Vasomotor rhinitis—due to emotional disturbance Recommended elimi 
nation from flying duties 


was mainly combined with mfi action of the middle tuibmate 
which was necessary m 13 cases, and m cases of post-poly¬ 
pectomy to maintain noimal diamage, howevei, theie were 
19 cases m which it was necessary to perfoim a submucous 
resection (Killian type) In all but seven of these cases, the 
obstiuction was located in the region of the middle tuibmate, 
and m seveial cases following lesection, infraction of the 
middle tuibmate was combined m the treatment Foui cases 
of fiontal sinusotomy, by the Lynch appioach, weie necessary 
to lemove the frontal sinus pathology and obtain a patent 
nasofiontal duct Alleigic management was utilized m five 
cases with fan lesults In one case of an antral cyst, an 
antial window was peifoimed with curettement of the cyst 
Two cases of lecunent puiulent infection of the sinus weie 
tieated by nugation, one was of the fiontal sinus, the othei, 
of the maxillaiy sinus Two cases weie suigically tieated by 








MANAGEMENT OF SINUSITIS IN CHILDREN * 


Clifford F Lake, M D ,f 
Rochestei, Minn 


Sinusitis, eithei alone 01 associated with some other in¬ 
flammatory process m the lespnatoiy tiact or related areas, 
occurs frequently in childhood Although this fact has been 
demonstiated and reported many times m the past, it seems 
that m this age of antibiotics its 1 e-emphasis is indicated 


Dependence on antibiotics alone, and especially on short 
couises of them, dm mg acute lespnatory tract infections may 
only modify 01 mask associated acute sinusitis 


Failuie to examine the nose and nasopharynx completely 
when possible, or to obtain loentgenologic views of the para¬ 
nasal sinuses, often causes failure m diagnosis Birdsall 1 
stated that nasal sinus infection in children is common, but 
is often ovei looked because of its usually insidious onset, the 
lack of definite symptoms, and the difficulty of examining 
the affected parts 


Fiom the ages of foui or five most childien who aie co¬ 
operative can be given satisfactory nasal examination Chil¬ 
dren this old frequently will be co-opeiative on nasopharyn¬ 
geal examinations with the small to medium-sized mnrois 
A buef explanation of what is about to happen, and a demon¬ 
stration of quiet rhythmical bieathmg often will convert a 
skeptical child into a most co-opeiative youngster If the 
tongue depressoi and nasopharyngeal mirror are introduced 
simultaneously, the numbei of satisfactory nasopharyngeal 
examinations will be increased This method of mtioducing 
the instruments lelieves the child of the "double jeopardy” of 
separate mstiumentations 


•Read at the meeting- of the Middle Section American Lar\nffolotrical 
Rhinologlcal and Otological Socletj Chicago Ill Jan 13 1958 

tFrom the Section of Otolapngrology and Rhlnologj Mav o Clinic and 
Majo Foundation The Majo Foundation Rochester Minn is a part of the 
Graduate School of the Unl\ersit> of Minnesota 

Editors Note This manuscript recehed In The Laryngoscope Office and 
accepted for publication March 10 1958 
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not been leturned to flying duty, but exhibits a patent duct 
at the piesent time and will be given tual mdoctnnation m the 
altitude piessuie chambei to see whethei his lesults have been 
successful befoie letummg to full flying duties 

In all cases of aeiosmusitis, tieatment is duected to re¬ 
moving the etiologic factoi as well as the existing condition 
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seveial days befoie attempting theiapy dnected to the nose 
Antihistammic diugs aie of particulai value in cases -with 
a history of vasomotoi 01 alleigic lhimtis 

Tieatment dnected to the nose usually is a mattei of pei- 
sonal choice Piolonged use of vasoconstuctois often pio- 
duces the familial lebound phenomena Application of ai- 
gyiol packs to the middle meatus and in the nasal chambei, 
followed by gentle suction, may piove of value m the lemoval 
of puiulent secietion from the nose and smuses In some 
childien lavage of the maxillary sinus via the natuial ostium 
can be earned out aftei the acute edematous stage has sub¬ 
sided 

In an instance of acute ethmoiditis with external manifesta¬ 
tions, as is found occasionally in a young child, suigical 
diamage may be necessaiy, howevei, if seen m the eaily 
stages tins situation will usually lespond to antibiotic tieat¬ 
ment 

Heat applied to the area ovei the involved sinus 01 smuses 
may afford some lelief of pam, howevei, sometimes it may 
exaceibate the pam Inci easing the humidity in the patient’s 
bedioom and making him comfortable aie beneficial m Ins 
general caie 

During his couise of tieatment the patient should be le- 
exammed foi conditions which may have influenced the onset 
of the sinusitis 01 the application of theiapeutic measuies 
Enlaiged adenoids, septal deflections, and alleigic changes m 
the nasal mucosa aie commonly occurung factors piedisposmg 
to acute sinusitis 

The status of the patient’s geneial health should be investi¬ 
gated Whatevei geneial measures aie necessary to impiove 
it should be earned out, also it may be necessary to remove 
enlarged adenoids or a septal deflection to gam final resolu¬ 
tion of the disease 

Roentgen theiapy has been used successfully m the treat¬ 
ment of acute 01 subacute sinusitis m the past Laing 1 re¬ 
ported tieatment with Roentgen therapy m 900 cases of sub¬ 
acute sinusitis in children, 639 of whom were cured during 
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Obviously the anatomic development of the paianasal si¬ 
nuses m accoid with age has an effect on the sites m which 
infection may develop In oldei childien the loentgenologic 
views aie paiticulaily helpful m localizing the site of infec¬ 
tion Maiesh, 2 m a study of loutme loentgenogiams of the 
sinuses of 100 childien who weie followed fiom buth to ma- 
tunty, observed many vanations m the size and shape of 
anti urns, ethmoid cells, and fiontal sinuses 

DIAGNOSIS AND SYMPTOMATOLOGY 

Sinusitis should be included m the diffeiential diagnosis 
when symptoms of piolonged ihmonhea, coughing, fiequent 
sniffling, 01 thioat dealing aie piesent A history of lecui- 
rent lespiratory infections, otitis media, secietory otitis, and 
soie throats should suggest the possibility of the piesence of 
sinusitis Wishart 3 stated that the most frequent complaint 
m an otheiwise healthy child m whom sinusitis is discoveied 
is repeated head colds 

In cases of small childien the histoiy obtained from the 
paients and the objective findings on examination, with the 
findings fiom loentgenologic examination m some instances, 
usually will suffice m making the diagnoses Older childien 
often can contubute to their histoiy, and should be encoui- 
aged to do so Frequently such children describe then symp¬ 
toms accuiately, especially when pam is piesent m acute 
sinusitis oi m a flaie-up of chrome disease 

In the histoiy, alleigy affecting eithei the patient oi his 
family should not be overlooked 

MANAGEMENT OF ACUTE SINUSITIS 

The best basis foi management of acute sinusitis m chil¬ 
dren is consideiation of the child as a whole and the seventy 
of his infection A cultuie of the nasal secietions should be 
made and tests of sensitivity to antibiotics performed The 
child’s leaction to obtaining the matenal for culture from his 
nose may indicate the degree of co-operativeness to be ex¬ 
pected m cailying out local treatment If the infection is 
seveie enough to wan ant the use of antibiotics one may wait 
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sinuses and ethmoids, particularly the left antrum. Skin tests were made 
which, showed sensitive to cat hair cattle hair goat hair, house dust, 
mixed feathers pvrethrum and giant and small ragweed 

A diagnosis of allergic rhinitis and sinusitis was made The treatment 
consisted of giving the child an antihistaminic drug for two weeks, after 
which he was re-examined The nose then appeared to be normal with 
no e\idence of anv unusual discharge New roentgenograms showed 
marked clearing of the paranasal sinuses 

Comment Tins case is an example of sinusitis super¬ 
imposed on hay fevei, and illustrates the impiovement which 
occuned fiom the use of an antilustammic prescription dur¬ 
ing the lecession of the hay fever season Furthei caie m 
legard to the allergic manifestations was advised 

Case 2 A seven \ear-old girl was registered at the clinic Nov S 1957 
She had had pneumonia approximated two months prior to her registra 
tion After fne davs in the hospital and two weeks at home for recovery 
she had returned to school, but after two da'vs in school left otitis media 
developed To combat this ear infection she had been given antibiotics 
for a few da^ (The exact tjpe of antibiotic and the number of days 
that it was given could not be determined at the clinic ) Approximate!} 
a week later the patient developed a sore throat and a course of peni 
cillin had been administered 

On OcL 30, the child had been seen in consultation b\ an oto-rhino- 
larvngologist A diagnosis of sinusitis had been made nasal irrigations 
had been carried out and she had seemed to improve On Nov 6 how 
ever she complained of a sore throat again and her trip to the clinic 
followed 

She was first examined in the Section of Pediatrics Onl\ normal 
findings resulted from general examination a roentgenogram of the 
lungs blood counts urmalvsis and electrophoresis of serum protein 

The child was examined in the Section of Otolarvngolog} and Rhinolog\, 
and her eardrums were found to be intact although the left showed slignt 
infection from the recent acute otitis media Her hearing of tuning 
forks seemed normal The nose looked clear on examination, and no pus 
was visible on anterior rhinoscopy The turbinates were onL slightly 
congested Roentgenograms of the child s sinuses showed involvement, 
particularlv of the antra and especialh on the left The tonsils had 
been removed and the nasopharvnx contained onL a minimal amount of 
Ivmphoid tissue A culture of the nasal secretion was negative 

It was thought that this patient's disorder was sinusitis the diagnosis 
depending largely on the historv and on the appearance of the roent 
genograms of the sinuses A two week trial of antibiotics ivas prescribed 
and the patient was advised to return at its conclusion 

She did return at that time On examination her nose appeared 
normal and in roentgenograms her sinuses seemed clear The child was 
feeling welh 

Comment This is a case of learning uppei lespnatory 
infection, soie throats, and otitis media, m which a diagnosis 
of sinusitis was made laigely on the histoiy and loentgeno- 
giaphic findings The response to a two-week course of an 
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one senes of treatments, howevei, with the knowledge of 
lisks involved m exposure to ladiation I piefer not to use it 
foi childien 

MANAGEMENT OF CHRONIC SINUSITIS IN CHILDREN 

Adequate tieatment may include several types of theiapy, 
and the physician should not limit himself to an inflexible 
routine, lathei, he should avail himself of all pioceduies, 
and use them as the situation demands, to lestoie the paia- 
nasal sinuses to their noimal physiologic state 

The treatment of chronic sinusitis follows the same pnn- 
ciples in using antibiotics and mtranasal theiapy which weie 
mentioned m the treatment of acute sinusitis Lavage of 
the maxillary sinus via its natural ostium can be accomplished 
m many oldei children 

If suigical tieatment is necessary it usually can be done 
mtranasally, except foi most instances m which external 
manifestations exist 

The patient’s geneial health should be evaluated A seaich 
for predisposing factors should be made, and then eiadication 
accomplished, and again, the histoiy of allergy m the patient 
01 his family should not be oveilooked The lather special 
pioblem of chionic sinusitis, associated with bionchiectasis, 
is not within the scope of this piesentation, but the possibility 
of a co-existing bionchiectasis must be ruled out m all cases 
of chionic sinusitis 


REPORT OF CASES 

Case 1 An 11 year-old boy was registered at the Mayo Clinic on Sept 
26 1967 His complaint was that sneezing. Itching of the eyes, and nasal 
discharge had persisted for one month After a general examination In 
the Section of Pediatrics an ear, nose, and throat examination was re 
quested 

In the Section of Otolaryngology and Rhinology, examination of the 
ears revealed no abnormalities Examination of the nose showed much 
thick, sticky mucoid discharge on both sides particularly on the left 
some of which was yellowish and obviously mucopurulent The turbinates 
were moderately congested on both sides Pus was demonstrated coming 
from the natural ostium of the left antrum The tonsils had been re 
moved There was a thick mucoid discharge in the nasopharynx, along 
with some mucopurulent material 

Roentgenograms of the sinuses showed thickening about the maxillary 
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rhinitis on the paternal side of the faxnilv The child had been taking- an 
antibiotic of an undiscoverable twpe for 11 davs prior to her admission 
for examination. 

On examination of the ears the tympanic membranes were intact with 
ver\ slight redness on the right The nasal septum was straight There 
was mucopus on both sides of the nose The tonsils were of size 2 on 
the basis of 1 to 4 The nasopharynx was examined with a mirror and a 
good view was obtained it was noted that an adenoid blocked most of 
the choana, On roentgenograms of the sinuses both antra were diffusely 
cloud\ A culture of the nasal secretions was reported as showing usual 
flora 

The patient was ghen penicillin for ten da’ts At the end of that time 
the nose looked clear and no discharge was noted on examination of the 
nasopharynx Roentgenograms showed clearing of the paranasal smuses 

Arrangements were made for removal of the tonsils and adenoids this 
was done June 15 1 Q 56 After the operation the child got along well 
and was dismissed June 21, 1956 

The child was observed a vear later during the course of a common 
cold, however the cold cleared in eight davs without complications or 
recurrence of sinusitis 

Comment This case is an instance m winch an enlaiged 
adenoid obstructing the choana seemed to plav an impoitant 
part in the peisistence of the patient’s nasal symptoms and 
sinusitis 


SUMMARY AND CONCLUSIONS 

The occu nence of sinusitis m childhood deseives le-em- 
phasis A short course of antibiotics may only modify 01 
mask an acute sinusitis dui mg the course of an upper respir¬ 
atory infection Examination of the nose and nasopharynx 
should be complete when at all possible The value of roent- 
genogiams and the history obtained fiom the parents and 
the child is gieat 

The foregoing diagnostic pnnciples and a discussion of 
the management of acute and cluonic sinusitis m children 
ha\e been lllustiated m reports of foui cases 
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antibiotic was excellent, and the loentgenogiams which weie 
taken at the end of tins tieatment lllustiated maiked dealing 
within the sinuses Theie was no history of alleigy m the 
family of the patient 

Case S A six year old boj was registered at the clinic Nov 28, 1956 
He had had persistent nasal obstruction foi at least a 'sear oi so In 
fections of the uppei part of the iespirator\ tract had been frequent 
and he had had pneumonia in 1962 There was no historj of a definite 
allergic background but the patient's mother had had mi]d \asomotor 
rhinitis 

In the general examination nothing out of the ordinal \ was found 
except mild obesit> He was refen ed to the Section of Otolar>ngolog> 
and Rhlnology Our examination revealed the t\mpanic membranes to 
be intact, but the} appeared slightl} dull and his healing seemed to be 
reduced veiy slightly through the entire range in both eais An audio 
gram shoved verj slight bilateral conductive deafness On nasal exam 
inatlon the nasal airwa>s seemed to be open, howevei, mucus was 
pooled on the nasal floor, and when this was removed the adenoid could 
be seen obstructing the choana The tonsils were enlarged (grade III, 
on a basis of 1 to 4 with one being slightest), and combined tonsillectomv 
and adenoidectom} was advised The opeiation was carried out No\ 30 
1956, and large masses of adenoid, and the tonsils weie removed 

The patient then got along very veil until three weeks later when he 
developed an upper respirator} infection On examination a large amount 
of pus was observed in each nasal passage A culture of the discharge 
was repoited as shoving usual flora Tetrac>cline (achromjcin) was 
prescribed, and the child's nose cleared nicely after a ten da\s’ trial 

The patient was again seen on Januar} 23 1957, vith a repoit that a 
cough had developed two da}s previously and he had coughed most of 
the night prior to his examination His case was folloved foi several 
weeks, but the situation did not clear, and a culture again was made of 
the nasal secretions, this time shoving man% Hemophilus Influenzae 
organisms Electrophoresis of serum protein gave findings vithin normal 
limits Roentgenograms of the sinuses showed cloudiness throughout 
all of them The patient was given a preparation of streptomycin with 
dih}drostreptormcin (distrycin) 500 mg twice dail> for ten days and 
therap} directed to the nose was begun with shrinkage and suction and 
application of argyrol packs to the middle meatus on each side This 
was carried out for two weeks, after which the nose was clean the child 
was breathing freel} and roentgenograms of the sinuses showed marked 
improvement, there being only a minimal amount of thickening in the 
left antrum Clinically the child was well 

The case has been followed since and during one more upper respir 
atory infection the boy has gotten along well, with no furthei recui 
rences of his sinusitis 

Comment This case illustrates the need m many instances 
of treatment to the nose as well as antibiotics m oidei to 
clear a sinusitis 

Case i A 4% J ear old girl was registered at the clinic Maj 3 1956 
A li!stor\ of repeated prolonged colds worse in the Winter months was 
obtained She had less difficult', during the Summer and her symptoms 
were not related to the hay fever season There was a history of allergic 
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nasion, the chisel may force the ends of the fractured bones 
into the lumen of the sinus, causing frontal sinusitis 

FRONTAL SINUS RELATIONSHIPS 

At the nasal notch of the frontal bone, the floor of the 
frontal sinus is noimally at the level of the glabella, but in 
some cases, it may extend as far down as the middle-third of 
the nasal bones (ovei-developed sinus), or it may stop short 
of the glabella (undei-developed sinus) 

OVERDEVELOPED FRONTAL SINUS 

When the fiontal sinus extends beyond the glabella, its 
floor is attached dnectly to the mnei surfaces of the nasal 
bones, which m this instance become part of the anteiior wall 
of the smus (see Fig 1 ) 

Thus, manipulations of the nasal bones at the nasion may 
injuie the fiontal sinus A natural protection is given by 
the fact that the penosteum, which coveis the posterior sur¬ 
face of the anteiioi wall of the frontal smus, is tough and 
loosely attached Its toughness gives it a good deal of re¬ 
sistance to cutting by shaip instruments, and its looseness 
rendeis it easily detachable at the slightest pressure These 
two favoiable conditions form a very valuable protection 
against accidental entry into the lumen of the smus when an 
osteotomy is performed 

X-iay studies will give valuable infoimation about the size 
and extent of the frontal smus and its relationship to the 
nasal bones 


UNDERDEVELOPED FRONTAL SINUS 

Wien the fiontal smus is not well-developed, it will stop 
short of the glabella, and a block of compact bone will be 
found wheie the smus is normally located At the nasion 
tins block of compact bone fuses with the nasal bones, the 
fiontal processes of the maxillae, the bony nasal septum, the 
fiontal spme and the nasal notch of the frontal bone, to form 
a huge block of solid bone, which will make the ostectomy a 
difficult piocedure 



ANATOMICAL OBSERVATIONS FOR 
RHINOPLASTIC SURGERY * 


Romeo A Luongo, M D , 
and 

Romeo A Luongo, Jr , M D , 

Philadelphia, Pa 

ANATOMIC relationships at the nasion 

The squama of the fiontal bone projects downwards, at the 
midline, to foim the nasal part The lowei maigm of the 
nasal part, which is beveled, lough, uneven, and seriated, is 
called the nasal notch The upper margins of the nasal bones 
and of the frontal processes of the maxillae imbricate, like 
shingles, upon the beveled portion of the nasal notch 

Fiom the center of the nasal notch, the nasal process pio- 
jects downwards and foi wards underneath the upper margins 
of the nasal bones and the fiontal process of the maxillae 
The fiontal spine extends below farthei than the nasal pio- 
cess itself, and it becomes fused with the peipendiculai plate 
of the ethmoid postenoily, and with the septal crests of the 
nasal bones anteriorly to give the bridge of the nose a solid 
support 

This type of constiuction makes mfiactunng difficult and 
inadvisable Out-fiacturmg is the pioceduie to be chosen 

If, to complete an osleotomy, a chisel is used to fiactuie at 
the nasion, the surgeon should beai m mind that this tech¬ 
nique may cause fiactuies of the sloping edges of the nasal 
notch, of the fiontal spine, of the peipendiculai plate of the 
ethmoid, destioymg the mam support of the nasal budge, 
and the impact of the chisel may even be tiansmitted to the 
cubiifoim plate, furthermoie, when the fiontal sinus extends 
below the fionto-nasal sutuie line, which is located at the 

*Read at the meeting of the Eastern Section American Lan ngolo^ieal 
Rhlnolo&ical and Otological Society Inc. Philadelphia Pa- Jan 9 195S 
Editor b Note This manuscript receded in The Lar\ngoscopc Office and 
accepted for publication March 10 1968 
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Fi>r 2 TTnder-de''. eloped frontal sinus The floor of the frontal sinus 
Is about 2 cm nbo\e the upper ends of the nasal bones A solid block 
of bone Is found where the sinus is normally located 


nasal walls, it turns downward, outlaid and backward, point¬ 
ing dnectly to the mnei cantln of the eyes (see Fig 2 ) 

THE PRE-LACRIMAL GROOVE 

One of the most impoitant landmaiks of the nasal pyramid 
is the mnei um of the oibit This is essentially the antenor 
lacumal ciest Adjacent to it, medially, is a gioove which is 
semi-lunar m shape and luns parallel to the innei oibital 
rim We shall call this gioove the pie-lacnmal groove (sul- 
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Fig 1 0\ er-de-v eloped frontal sinus The floor of the frontal sinus Is 

about 3 cm below the upper ends of the nasal bones which become part 
of the anterior wall of the sinus 


Befoie lhmoplastic suigery is consideied, X-iay studies of 
tins legion should be made These should include the fiontal 
sinus, the nasal bones and the frontal piocesses of the maxil¬ 
lae The naso-fiontal sutuie line should be mapped out, and 
its lelationship to the fiontal sinus and to the above-descnbed 
block of bone should be determined This sutuie line orig¬ 
inates at the nasion, wheie it luns stiaight acioss the uppei 
limits of the nasal doisum and, when it leaches the lateial 
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Fiff 2 Under-developed frontal sinus The floor of the frontal sinus 
is about 2 cm. abo\ e the upper ends of the nasal bones A. solid bloclv 
of bone is found where the sinus Is rormallj" located 


nasal -walls, it turns downward, outwaid and backwaid, point¬ 
ing dnectlv to the inner canthi of the eyes (see Fig 2) 

THE PRE-LA CRIMAL GROOVE 

One of the most important landmaiks of the nasal pyx amid 
is the inner rim of the orbit This is essentially the anterior 
lacrimal crest Adjacent to it, medially, is a groove which is 
semi-lunar m shape and runs paiallel to the inner orbital 
rim We shall call this groove the pie-lacnmal groove (sul- 
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FJfir 1 0\ er-det eloped frontal sinus The floor of the frontal sinus is 

about 3 cm belou the upper ends of the nasal bones uhich become part 
of the anterior v\all of the sinus 


Befoie lhmoplastic suigeiy is consideied, X-iay studies of 
this legion should be made These should include the fiontal 
sinus, the nasal bones and the fiontal piocesses of the maxil¬ 
lae The naso-fiontal sutuie line should be mapped out, and 
its lelationship to the fiontal sinus and to the above-descubed 
block of bone should be determined This sutuie line ong- 
mates at the nasion, wlieie it luns stiaight acioss the uppei 
limits of the nasal doisum and, when it leaches the lateial 


THE USE OF ANTIBIOTIC-STERIOD COMBINATIONS 
AS NEBULIZING AGENTS IN THE TREATMENT 
OF LARYNGEAL CONDITIONS 

A Preliminary Report * 

Bernard L Silverblatt, M D , 

Pittsburgh, Pa 


The treatment of disease entities affecting the larynx is 
predominantly suigical Except for antibiotics m the acute 
infectious leactions and stieptomycm in tubeiculous laryn¬ 
gitis, other therapeutic measures have failed to pioduce the 
enthusiastic lesults portrayed by their author Thus podoph- 
yllm, hoimonal agents as theehn, adrenalin, etc, are seldom 
prescribed today Limitations of vocal abuse, smoking and 
alcohol, peisist as standaid directives to the patient with 
hoarseness 

For almost two years, we have been using antibiotic stenod 
combinations in the treatment of many of our laryngeal 
pioblems This combination has been used in nebulization 
form, both as a pnmary therapeutic agent and as an adjunct 
to suigical pioceduies We feel that the combination has 
lational and merit foi usage I would stiess, however, that 
they aie not "cure-alls ” 


ANALYSIS OF THE PROBLEM AND RATIONAL OF THERAPY 


Standaid textbooks list 1 bettei than 50 specific diseases of 
the larynx Standaid nomenclatuie mcreases tins to better 
than 150 diagnoses This disciepancy is partially due to oui 
own inadequacies in standardizing nomenclatuie for disease 
entities, thus a clinical entity may be diagnosed on the basis 
of the etiology, the pathologic pictuie, the anatomic defoimity 
01 disability, and with the name of an authoi 


American I>arv ngolosrical 
‘ Pa Jan 9 195S 
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cus pre-lacnmahs) This landmaik is important, because it 
indicates the posterior limits of rhmoplastic surgeiy 

Postenoi to this gioove aie found the following vital stiuc- 
tuies the lacumal sac, the naso-lacrimal duct, the oibital 
contents, the aggei nasi cells, the middle tuibmate, the cribn- 
foim plate and the naso-frontal duct 

SUMMARY 

1 The fiontal sinus may be ovei -developed and extend 
downwards beyond the glabella, past the fronto-nasal sutuie 
line, leaching as fai down as the middle of the nasal bones 
The nasal bones themselves will then become part of the 
antenoi wall of the fiontal smus, and the flooi of the sinus 
will be attached dnectly to the mnei sui faces of the nasal 
bones 

2 The fiontal smus may be under-developed and stop 
short of the glabella In this instance, a solid block of com¬ 
pact bone will be found where the smus is normally located 
X-iay studies will determine the lelationship of the frontal 
smus to the nasal bones 

3 The nasal notch of the fiontal bone is beveled, at the ex¬ 
pense of the outei layei, to form a suitable bed for the im- 
bucation of the upper edges of the nasal bones and of the 
fiontal piocesses of the maxillae The frontal spine extends 
fuithei downwaid fiom the centei of the nasal notch, to be¬ 
come fused with the septal ciests of the nasal bones and with 
the bony septum, to give the nasal budge gieatei support 
This constiuction makes mfractuimg impiacticable 

U The pie-lacnmal gioove (sulcus pie-lacnmal) is one of 
the most important landmaiks of the nasal pyiamid It is 
located between the mnei oibital nm and the posteio-lateial 
maigm of the nasal pyiamid It luns paiallel to the mnei 
oibital nm, and it is semi-lunar m shape It can easily be 
felt by digitation This gioove indicates the postenoi limits 
foi lhmoplastic suigeiy Theie aie no vital stiuctuies an- 
tenoi to this gioove, they aie all postenoi to it 

2054 Locust Stieet 
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CLINICAL RESULTS 

Antibiotic-stei lod nebulization lias been utilized in the 
clinical management of all of these conditions The antibiotic 
to combat the infectious factoi in the etiology of many of 
these conditions, or the secondary infection that may co-exist, 
the stenods to act as the blocking or anti-mflammatoiy agent 
for the steieotyped leaction that occuis m lesponse to non¬ 
specific nutation In its action it also contiols fibiosis of 
healing 

ACUTE LARYNGITIS 

Case 1 Young male employed in recapping automobile tires developed 
hoarseness when the overhead ventilator broke down and he was sub 
jected to the inhalation of concentrated chemical irritants , symptoms 
had persisted for one week Examination revealed a diffuse redness of 
the larynx with edema of the mucosa Nebulization therapy was recom 
mended Report of the referring laryngologist 48 hours after therapy 
was “improved voice with marked clearing of the local reaction ’ 


ACUTE LARYNGITIS 

Case 2 Young male railroader was seen in consultation because of 
hoarseness and painful difficult swallowing, four weeks prior he had 
been injured and exposed to chemical fumes when a Diesel engine ex 
ploded Treatment during his two weeks of hospitalization consisted of 
penicillin and confinement in an oxygen tent, at this time the mucosa 
of the hjpopharynx and larynx was red and edematous there were 
residual areas of ecchymosis and ulceration in the nasopharynx One 
week after nebulization therapy was started the voice had Improved and 
pain and difficulty In swallowing had subsided In another week all 
symptoms had subsided and the physical findings had returned to normal 

Both cases lepresent specific theiapy foi a reveisible 
pxocess 

The contact ulcer has usually been a chronic difficult 
problem to treat 

Case 1 Music teacher with hoarseness for tvo weeks failed to show 
improvement under a regime of therapy prescribed by her home town 
laryngologist Examination of the larynx showed a diffuse edematous 
ulceration with exudate on the right vocal cord and a concave ulceration 
of the right arytenoid One week after nebulization there was 75 per 
cent improvement the edema and exudate had subsided leaving onl> 
the concave ulceration of the vocal process, this was larger than on the 
original examination Two weeks later healing was complete voice rest 
had not been insisted upon 

Case 2 A similar result was obtained In a female patient with hoarse¬ 
ness for two months excessive talking and smoking had been part of 
an unusually active social program there was a large ulceration of the 
right vocal process Two weeks after therapy the process was 50 per 
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If we analyze the laryngeal diseases, howevei, we find 
that they can be classified into six categories 1 Congenital 
Defects, 2 Infections, 3 Toxic, U Tiaumatic, 5 Paial- 
ysis, neuiomusculai and systemic distuibances, 6 Tumois 

Of these, congenital defects and paralysis can be eliminated 
fiom this discussion The otheis may be consideied, since 
they have a common factor m that they lepiesent an mflam- 
matoiy leaction, using the teim mflammatoiy as a non¬ 
specific leaction to injury whether due to infection, alleigy, 
nutation oi tiauma The inclusion of tumois depends upon 
these factors 1 Many of the so-called benign tumois of the 
larynx are actually non-neoplastic in ongm, 2 Malignant 
tumois are of unknown etiology and stenods, and antibiotics 
have been used to conti ol neoplastic activity in othei paits of 
the body, 3 Nebulization might be a useful adjunct m the 
postopeiative healing piogram 

The pathologic lesponse to inflammation in the laiynx is 
the same as elsewheie in the body, diffeung only m the 
symptomatology of the local anatomy The mflammatoiy le¬ 
action takes place in the subcutaneous connective tissue 2 3 
This leaction leads to progiessive changes, descubed fiom the 
gioss appeal ance, as ledness, edema, hypeiplasia, fibiosis oi 
hypertrophic changes with keiatosis Foi simplicity we can 
diagiam this gioss pathologic pictuie and cooidmate it with 
oui clinical diagnosis as follows 
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was started and endoscopic removal performed in February and April 
There was no recurrences at the last examination in November 

HYPERKERATOSIS AND LEUKOPLAKIA 

Nebulization has been used both as a pi unary therapeutic 
agent and also as a postoperative adjunct in these cases 
The progress of theiapy can be observed m the routine ex¬ 
amination of the patient We feel that we have been able 
to reverse the piocess m cases with eaily surface changes, 
and pi event recurrence m those cases requiring endoscopic 
removal 


TUMORS 

Nebulization has been utilized m the postoperative care of 
patients with caicmoma vn sttu removed under dnect laryn¬ 
goscopy 


METHOD OF THERAPY 

A No 40 DeVilbiss nebulizei is prescribed foi home use by 
the patient The pieparation of choice has been cortisporm 
This is a suspension of aerosponn, neomysm and hydiocorti- 
sone in an aqueous vehicle Therapeutically this formula 
combats infection due to susceptible oigamsms, and lelieves 
symptoms caused by an inflammatory process The mcidence 
of tissue sensitivity to the components is low While other 
piepaiations may be equally effective, we believe that a 
suspension offers the advantage of a gieatei concentration 
and moie prolonged action 

The patient is instructed m the method of nebulization and 
treats herself foui times daily with 6 to 8 inhalations at each 
piocedure Theiapy is decieased to an “as needed regime,” 
with unpiovement in symptoms and local findings 

SUMMARY 

An analysis and lational for the use of cortico-stenod- 
antibiotics combination m various disease entities of the 
laiynx has been presented The clinical results observed m 
the treatment of various laryngeal diseases with cortisponn 
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cent improved in spite of continuation of her social activity Because 
of her apprehension, therapy was continued along with limited voice use 
One week later the voice and local findings were normal, and there has 
been no recurrence to date 

Case 3 S K, age 42, was a salesman with hoarseness for tw r o \ears, 
a laryngoscopy had been performed twice previously for removal of a 
tumor Our examination revealed the presence of a large pea sized 
granuloma of the right vocal piocess A recun ence developed after 
laryngoscopic removal Nebulization therapy was prescribed The patient 
was not seen again for three months At this time the voice was good 
and larvngeal examination revealed complete healing with only a small 
epithelized nodule at the site of the previous granuloma 


LARYNGEAL POLYP 

The laiyngeal polyp is basically a localized edematous le- 
action It is lefened to by clinicians and pathologists m 
vaiymg descuptive terminology Nebulization has been used 
as the pumaiy agent m many cases, with a satisfactory 
level sal of the process and impiovement m the voice In 
othei cases tieatment has been used as a postopeiative ad¬ 
junct to pi event lrieveisible gianulation We feel that theie 
have been benefits m both situations 

PAPILLOMA 

Papilloma has been a pioblem, especially m childien, be¬ 
cause of its tendency to lecui Impiovement with antibiotic 
theiapy has been conti oveisial We feel that the antibiotic 
steiiod combination has served to aboii; the piocess when 
used as a postopeiative adjunct 

Case 1 R M, age five years, w T as first seen in 1954 A tracheotomy 
had been performed at the age of two years, and endoscopic removal of 
papilloma performed repeatedly Laryngeal findings at this time were 
described as a diffuse growth of papillomas in the larynx and extending 
into the upper segment of the trachea During 1954 and 1955 we con 
tinued to remove papillomas every three months Nebulization therapy 
was added to his regime in April, 1955 There was complete arrest of 
the recurrence, so that in October, 1955, the tracheostomy was closed 
There was no recurrence at the last examination in September, 1957 Age 
at this time was se\en years 

Case 2 A. B , age three years was first examined in 1955 with hoarse¬ 
ness due to a diffuse growth of larymgeal papilloma over both cords 
Endoscopic removal was performed at three-month internals until Pebru 
ary, 1957 when nebulization therapy was started Papillomas were 
remo\ed in July, 1957, and there has been no recurrence to date Patient 
is now fhe years old 

Case 3 J H, age three years had papillomas removed on three occa 
sions prior to our examination in February, 1957 Nebulization therapy 



THE ROUTINE BLEEDING AND CLOTTING TIME 
TESTS THEIR MEDICOLEGAL STATUS *f 


Russell Fletcher, M D , 

San Rafael, Calif 

The leason foi piesentmg a papei on this conti oveisial 
subject is to leview briefly the history of the tests and the 
leasons why these obsolete “scieen” tests aie so extensively 
employed The modem diagnosis of hemonhagic disease 
leaves no doubt that these tests aie not accuiate, they aie 
not leliable, and actually they may constitute a dangei 01 a 
menace to the patient and to the physician by inducing false 
secunty if he lelies upon these tests alone to deteimme pie- 
opeiatively whethei 01 not a patient will bleed 

THE HISTORY OF THE BLEEDING AND CLOTTING TIME TESTS 

These tests have been done foi 40 yeais Bailey 1 m 1922, 
and Hunt 2 in 1927, each made suiveys of seveial hundied 
hospitals m the United States m which a laige peicentage 
used the tests loutinely They found that most of the hos¬ 
pitals and physicians who had stopped using the tests did so 
because they weie not leliable Hunt stated that it was not 
necessary to have tests done if a piopei histoiy and physical 
examination had been done Shepeaid 3 m 1948, stated that 
the tests weie “a vestigial lemnant of yesteryeai,” and the 
Journal of the Amencan Medical Association , 4 m 1955, com¬ 
mented on his aiticle as follows “Theie have been numeious 
leports lelatmg expenence fiom Nose and Thioat Depart- 
ments that show bleeding and clotting time estimates aie not 
piactical as tests piedictmg hemonhages duung and aftei a 
tonsillectomy Noimal lesults aie not a guaiantee of fiee- 
dom fiom hemonhage, and abnonnal lesults have been ob- 

•Read at the meeting of the Western Section American Lar> ngologlcal 
Rhlnoioglca 1 and Otological Society Inc Be\erly Hills Calif Jan 18 

tThe blood taken for these tests Is taken from a puncture wound of the 
ringer or ear and la not done routinely by \enepuncture 

Editor s Note This manuscript recei\ ed in The Laryngoscope Office and 
accepted for publication March 4 1958 
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nebuhzation as a primary agent and as an adjunct to surgeiy 
have been leported 
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ANNUAL OTOLARYNGOLOGIC ASSEMBLY 
UNIVERSITY OF ILLINOIS 

The Univeisity of Illinois College of Medicine Department 
of Otolaiyngology announces its Annual Otolaiyngologic As¬ 
sembly from Septembei 29 thiough Octobei 5, 1958 The 
Assembly will consist of an intensive senes of lectures and 
panels concerning advancements m otolaryngology, and even¬ 
ing sessions devoted to surgical anatomy of the head and 
neck and histopathology of the ear, nose and thioat Inter¬ 
ested physicians should write dnect to the Department of 
Otolaiyngology, 1853 West Polk Street, Chicago 12, Ill 
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mfoimation, as well as the fact that piactically all physicians 
concede that the tests aie of veiy little value, why aie these 
tests done m so many hospitals, either optionally on the part 
of the physicians, or aie requned by hospital legulations 9 In 
a lough survey of the hospitals of the San Fiancisco Bay 
aiea, over 50 pel cent of them lequne these tests pre- 
opeiatively In Portland, Ore, seven of the eight hospitals 
have the tests done 

REASONS GIVEN FOR CONTINUING THE TESTS 

1 An occasional physician “thinks that the tests might be 
helpful sometime” (raiely is theie a physician found who is 
convinced of this fact) 2 Some physicians believe that 
having the tests done reassuies the patient 3 Many physi¬ 
cians, when asked why they continue the test, answei “why 
worry oi fuss about eliminating the tests winch cost the 
patient such a trivial or paltry sum” ($2 00 m the San Fian¬ 
cisco Bay aiea) , and they add, “anyhow, most patients have 
insurance ” Although economics should never be a considera¬ 
tion m this problem, it is one of the chief aiguments of the 
pioponents foi continuing the tests A few facts might be 
brought out regaidmg this If it is not leliable and not 
necessary, it is wasteful, no mattei how cheap it is or who 
pays foi it 

In Mann County, with a population of 30,000, the thiee hos¬ 
pitals in this county did 5,446 opeiations m 1957 At $2 00 
pei test, this amounts to $10,892 As Mann County is ap¬ 
proximately 1 pei cent of the State of California, this total 
would be $1,089,200 foi the State If this amount is wasted 
by lequirmg an unnecessary test, it is not trivial oi paltry 
One of the health msuiance companies in California that does 
10 per cent of the health msuiance m this State, handles 
about 90,000 opeiations pei yeai, theiefore, it is self-evident 
that elimination of such unnecessary tests would be a material 
saving to all insurance companies 4 The tests have been 
done foi so many yeais that physicians are hesitant to discard 
“such time-honoied tests,” vhich is chiefly due to inertia 
The fact that anv test has been done routinely by a large 
number of physicians m anv community was a strong medico- 
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seived without subsequent bleeding - Dependence upon bleed¬ 
ing and clotting time tends to lead to a false sense of secui lty 
The histoiy and physical examination are much more im¬ 
portant, and if such an examination suggests a bleeding 
tendency, then a thorough study is indicated ” 

There aie some statements m the literatuie, and in text 
books, which claim m the same sentence that “although the 
tests aie not leliable, then omission “might have disturbing 
medicolegal consequences " Some text books have stated 
that the tests weie of value in anticipating hemorrhage pie- 
opeiatively (These indefinite statements and mfeiences m 
the liteiature, aie the points that a lawyei grasps m ordei to 
convince a jury that one was negligent if the tests weie not 
done) This is illustiated by oui experience m Mann County 
this past yeai The suigeons voted unanimously to eliminate 
the tests pie-operatively, howevei, the pathologists, who 
diiect all the hospital laboratones, strongly argued that, al¬ 
though they “conceded that the tests aie of somewhat limited 
value," they felt that such statements and mfeiences as noted 
above in the literatuie weie of sufficient value for the lawyer 
to accuse and perhaps convince a jury that theie was negli¬ 
gence if the tests had not been done on a patient that sub¬ 
sequently hemonhaged The result was that the hospital 
made it obligatoiy to have the tests done pre-operatively on 
every patient 

The following aie a few of the outstanding hospitals and 
clinics that do not have tests done pie-operatively the Massa¬ 
chusetts Eye and Ear Infnmary, the Childien’s Hospital m 
Boston, the hospitals m Baltimoie, the Univeisity of Michigan 
Hospital, the Mayo Clinic, the University Hospital m Iowa 
City, and Stanford Hospital m San Fiancisco All of these 
hospitals had loutmely used the tests foi years, but abandoned 
them because they weie not reliable 

In a lettei fiom the legal department of the Amencan 
Medical Association, 5 dated Dec 13, 1957, it was stated that 
they knew of no court decision based upon the use or non-use 
of these tests 

Why aie These Tests Still Continued ? In spite of the above 
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all m-patients about to undeigo suigeiy is a sensible one, and 
that it should not be changed -unless substantial medical evi¬ 
dence is available as to the wv eh ability and futility of the 
tests”, theiefoie, it is up to the medical piofession to show 
“substantial medical evidence as to the unieliability and 
futility of the tests ” 

This evidence is available fiom tlnee national authonties 
on hemonhagic diseases 1 The most concise and giapluc 
presentation of this evidence is given m a lettei fiom Louis 
K Diamond, M D ,° who is Associate Professoi of Pediati ics 
at Harvaid Medical School, and who is m chaige of the Blood 
Clotting Laboiatoiy at Cluldien’s Hospital in Boston He 
made the following buef suivey Sinvey of clnldien lefemed 
to the Blood Clotting Laboiatory of Childien’s Hospital of 
Boston m the past fow yeai s 

Group I Patients who had had a loutme pie-T and A 
bleeding and clotting time determination in a hospital laboi a- 
tory where one or both tests weie found to be piolonged be¬ 
yond normal limits and, theiefore, were lefexred to us foi 
moie elaborate tests which we found to be entnely noimal, 
nine patients, most of whom latei had T and A without any 
bleeding distuibance 

Group II Patients who had a definite histoiy of biuismg 
m the past and when explored, frequently a histoiy of bleed¬ 
ing m relatives, but normal bleeding and clotting times had 
been determined by loutme methods, 14 patients, nine of 
whom had hemophilia of varying degrees and five Christmas 
disease 

Group III Patients who bled following surgery, in whom 
a routine bleeding and clotting time was said to be normal, 
five patients, of whom four had hemophilia and one Christmas 
disease 

Gioup IV Patients who bled following suigeiy m whom a 
good bleedmg and clotting time test, even using venous blood, 
and supervised by our own laboratory, showed normal values, 
and yet following T and A in seven cases and dental extraction 
m one case, there was moderate to severe hemorrhage In 
two cases blood loss was sufficient to require transfusion 
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legal argument fox continuing the test This point is veiy 
well covexed in the next paiagiaph, undei “Medicolegal 
Status ” 

5 The Medio legal Status The chief leason why physicians 
and hospitals have continued this loutme pie-opeiative test 
is the medicolegal threat ox intimidation that failuie to have 
had the tests done might be giounds foi negligence if a law¬ 
suit were instigated because a patient hemonhaged On the 
Pacific Coast we aie particulaily awaie of malpractice suits 
This is leflected m the high lates foi malpiactice msuiance 
The rates given by the Amencan Academy of Ophthalmology 
and Otolaiyngology shows that Oiegon has the highest rate 
in the nation, which is about twice as high as Califoiua, and 
Washington which, in turn, aie three times as high as the 
rates in Texas, Pennsylvania 01 New Hampshne, and twice 
as high as New Yoik 

What is the accepted ox customaiy piactice m the com¬ 
munity m which you piactice 7 A lettex fxom the legal de- 
paitment of the Amencan Medical Association to me,' dated 
Dec 13, 1957, outlines the xequnements veiy well and states 
m part, as follows "To comply with legal lequuements, a 
physician must meet the standaids of good medical practice 
in any service he furnishes a patient These standaxds are 
based on what othei reputable physicians m the community, 
or in similar communities, would oi would not do in the caie 
of similar cases One of the tests applied, so fai as the use 
of a particular medical ox surgical technique is concerned, 
is the geneial leliability and acceptance of such technique If 
the value of a particular technique is of such a degiee that a 
substantial numbei of leputable physicians m the community 
would utilize it m a given situation, then the failure of a 
physician to utilize it m the same oi similai situation would 
be a difficult factoi to explain m a subsequent malpractice 
suit It may not constitute negligence pe? se, but the jury 
would certainly legard such factoi with lespect Whethei 
or not bleeding and clotting time tests enjoy the degiee of 
acceptability descnbed above, I cannot say That must be 
decided by the medical piofession I believe a hospital 

regulation uigmg loutme bleeding and clotting time tests on 
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all m-patients about to undeigo suigeiy is a sensible one, and 
that it should not be changed unless substantial medical evi¬ 
dence is available as to the uniehabihty and futility of the 
tests”, theiefoie, it is up to the medical profession to show 
"substantial medical evidence as to the uniehability and 
futility of the tests ’’ 

This evidence is available fiom thiee national authonties 
on hemonhagic diseases 1 The most concise and giaphic 
presentation of this evidence is given in a lettei from Louis 
K Diamond, M D ,° who is Associate Professoi of Pediatiics 
at Harvai d Medical School, and v, ho is in charge of the Blood 
Clotting Laboiatory at Childien’s Hospital in Boston He 
made the following buef survey Survey of children ieferred 
to the Blood Clotting Laboiatoi'y of Cluldien’s Hospital of 
Boston m the past foni yeais 

Group I Patients who had had a loutme pie-T and A 
bleeding and clotting time determination in a hospital laboia¬ 
tory where one 01 both tests weie found to be piolonged be¬ 
yond normal limits and, theiefoie, weie lefened to us for 
more elaboiate tests which we found to be entirely normal, 
nine patients, most of whom latei had T and A without any 
bleeding distuibance 

Gioup II Patients w ho had a definite lustoiy of bruising 
in tlie past and when exploied, fi equently a history of bleed¬ 
ing m relatives, but normal bleeding and clotting times had 
been determined by loutme methods, 14 patients, nine of 
whom had hemophilia of vaiymg degiees and five Christmas 
disease 

Group III Patients who bled following surgery, m whom 
a routine bleeding and clotting time was said to be normal, 
five patients, of whom foui had hemophilia and one Christmas 
disease 

Gioup IV Patients who bled following suigery m whom a 
good bleeding and clotting time test, even using venous blood, 
and supei vised by our own laboratory, showed normal values, 
and yet following T and A m seven cases and dental extraction 
in one case, theie was modeiate to seveie hemonhage In 
two cases blood loss was sufficient to lequire transfusion 
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legal argument foi continuing the test This point is very 
well coveied m the next paiagiaph, undei “Medicolegal 
Status " 

5 The Mediolegal Status The chief leason why physicians 
and hospitals have continued this loutme pre-opeiative test 
is the medicolegal thieat 01 intimidation that failuie to have 
had the tests done might be giounds foi negligence if a law¬ 
suit were instigated because a patient hemorrhaged On the 
Pacific Coast we aie particulaily aware of malpiactice suits 
This is leflected m the high lates foi malpractice msuiance 
The lates given by the Amencan Academy of Ophthalmology 
and Otolaiyngology shows that Oiegon has the highest late 
m the nation, which is about twice as high as Califonua, and 
Washington which, m turn, aie thiee times as high as the 
lates m Texas, Pennsylvania 01 New Hampshne, and twice 
as high as New Yoik 

What is the accepted or customaiy piactice m the com¬ 
munity m which you piactice 9 A lettei fiom the legal de- 
paitment of the Amencan Medical Association to me,- dated 
Dec 13, 1957, outlines the lequnements veiy well and states 
m pait, as follows “To comply with legal requirements, a 
physician must meet the standaids of good medical piactice 
m any service he furnishes a patient These standaids are 
based on what othei leputable physicians m the community, 
oi in similai communities, would oi would not do m the caie 
of similai cases One of the tests applied, so far as the use 
of a paiticulai medical oi suigical technique is concerned, 
is the general reliability and acceptance of such technique If 
the value of a particulai technique is of such a degiee that a 
substantial numbei of leputable physicians in the community 
would utilize it m a given situation, then the failuie of a 
physician to utilize it in the same oi similai situation would 
be a difficult factoi to explain m a subsequent malpiactice 
suit It may not constitute negligence per se, but the juiy 
would ceitamly legald such factoi with lespect Whethei 
oi not bleeding and clotting time tests enjoy the degiee of 
acceptability descnbed above, I cannot say That must be 
decided by the medical profession I believe a hospital 

regulation uigmg loutme bleeding and clotting time tests on 
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hemorrhagic studies are not indicated m the case of patients 
who are not bleeding at the time, 01 who ha\e a peisonal and 
family history negative for abnormal bleeding, and no signs 
of abnormality at the time of physical examination ” 

He further states “On patients whose histoiy 01 pin sical 
examination indicates a bleeding tendenci, then special hemoi- 
rhagic tests by experts aie indicated” He stated that “a 
suigeon would not be consideied negligent if he did not pei- 
form routine pie-opeiative tests for bleeding and clotting 
time ” He also states “m the past, the fmgei tip method w as 
an accepted and standaid piactice and affoided the suigeon, 
the laboiatory directoi, and the hospital adnnnisti ation a 
degree of medicolegal protection which conies fiom the pei- 
formance of the usual and customary pioceduies Such pio- 
ceduies will not, m the light of present knowledge, continue 
to be accepted ” Theie aie so many inteiestmg and pertinent 
facts m this article by Di Diggs, that it would take too long 
to review them m this paper It is, theiefoie, stronglv 
recommended that eveiyone lead this excellent article by Di 
Diggs 


CONCLUSIONS 

1 The routine bleeding and clotting time tests aie not 
reliable, authorative medical evidence is heiewitli piesented 
(It has also been the expenence of manv clinicians) 

2 The tests are dangeious and a menace to the patient and 
to the physician by inducing a false sense of secunty 

5 The safest practice for the patient, as well as the pliysi- 
cian is to take a caieful history of bleeding m the patient and 
he family, and to make a good physical examination If 
these show any bleeding tendency, then special hemoiiliagic 
studies by an expert aie indicated 

a A physician with such a patient wall not be guilty of 
ueg igence if the loutme tests wme not done pie-opeiativelv 
and the patient subsequently bled 

> A hbvsician with such a patient who lelied on the loutme 

ee mg and clotting tests alon-e and did not have special 
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2 The second authontative evidence is given by Paul Ag- 
gelei, MD, f Associate Clinical Piofessoi of Medicine at 
Univeisity of Califoinia Medical School, and Head of the 
Blood Clotting Reseaich Laboiatoiy at Children’s Hospital 
m San Fiancisco He states that “numeious cases falling 
into all foui categones listed by Di Diamond have been ex¬ 
tensively investigated m his laboratoiy Duimg the past 
three yeais alone, 28 patients whose bleeding and venous 
blood clotting time weie noimal, weie nevertheless pi oven 
by moie detailed methods to suffei fiom well defined clotting 
disoideis (hemophilia, PTC deficiency, P T A deficiency, 
hypopioconveitinemia and fibiinogenopema) In about one- 
thnd of these patients tooth extraction, tonsillectomy, and 
even majoi suigery had been peifonned, with hemonhagic 
complications m eveiy instance In seveial cases, because 
of the false assuiance affoided by noimal bleeding and clot¬ 
ting times, the opeiation had been done without furthei in¬ 
vestigation, despite the suigeon’s complete awaieness of the 
bleeding histoiy In 20 yeais’ expenence in this field Di 
Aggelei can lecall not a single instance in which a bona fide 
hemoirhagic disoidei was discoveied solely by the use of 
routine pie-opeiative bleeding and clotting times He has 
seen many cases, howevei, wheie false positive results have 
lead to still fuithei useless and expensive investigations ” 

3 The thud souice of evidence that these tests aie not le- 
liable, is the article “Diagnosis of Hemonhagic Diseases— 
Evaluation of Pioceduies ” Part I appeals in the December, 
1957, Cahfoi'nia Medicine, and Part II m the Januaiy, 1958, 
issue by L W Diggs, M D , who is Piofessoi of Medicine at 
the Univeisity of Tennessee College of Medicine, and Dnectoi 
of Depaitment of Medical Laboiatones, Univeisity of Ten¬ 
nessee, City of Memphis Hospitals, who was the guest speakei 
at the California Medical Association meeting m May, 1957, 
in Los Angeles This papei discusses in detail the importance 
of a careful histoiy and physical examination, and states that 
"they are moie lehable than laboiatoiy tests foi the pie- 
diction of the tendency to bleed at the time of suigical opeia¬ 
tion, and failure to obtain a histoiy of deeding episodes may 
be catastrophic” He also states that “Routine pie-operative 



THE TREATMENT OF POLYPOID LARYNGITIS *f 


Gerson Lowenthal, M D , 
Cincinnati, Olno 


The teim polypoid laivngitis designates a localized 01 dif¬ 
fuse non-specific inflammatory tumoi of one 01 both vocal 
coids, involving the epithelium and the subepithehal space 
of Remke This space is a \ erv thin layei of loose connective 
tissue between the epithelium and the elastic and musculai 
tissue of the vocal coids 1 It extends fiom near the anterior 
comnussuie to the vocal piocess of the arytenoid and to the 
stiia aicuata, supeiioi and mfeiioiy which is the tiansition 
point between the squamous and the columnai epithelium 
above and below It has a scaice artenal supp ly b ut a uch 
veno us plexus The epithelium is much thmnei, only two or 
■fluee~layers, at the free edge and uppei surface of the cold, 
while theie aie 10 to 20 laveis of staatified squamous epithe¬ 
lium ovei the lemamdei of the coid 3 Tins explains why the 
inflammatory lesions mu's be lestucted to this space, and 
why they occur most commonh along the phonatmg edge 
and uppei surface of the cord 

The most common inciting factors for polypoid laiyngitis 
aie considered to be the tiauma of vocal abuse 4 oi the nuta¬ 
tion pioduced bv smoking 5 6 These lesions neailv alwavs pro¬ 
duce hoarseness, tiling of the \oice, occasionally pam or 
discomfort in the thioat, and rarelv, lespiratory embanass- 
ment Psvchologicallv theie is usually appiehension on the 
parf of the patient ovei the implications of the symptoms 

Clinically, the lesions may be placed m two gioups localized 
and diffuse Eitliei of these mav be acute, due to sudden 
vocal stiam, oi chiomc, due to lepeated tiauma to an un- 
lesohed piocess In the localized, the tumoi mav be a pedun- 

*Read at the meeting of the Middle Section American Ear\ ngrological 
Rhinologrical and Otologlcal SocIet\ Inc Chicago Ill Januar\ 13-11 

tFrom the Departments of Otolari nfrolog^ The Jewish Hospital and 
The College of Medicine UnDersiU of Cincinnati Cincinnati Ohio 

Editors Vote This manuscript receU ed in The Earj nposcope Office and 
accepted for publication "March 10 1<»5S 
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FLETCHER COAGULATION TESTS 


hemonhagic tests by an expeit, might be accused of negli¬ 
gence 

4 Since the tests have been pi oven to be so uniehable, 
they should not be lequned pie-opeiatively on suigical pa¬ 
tients 

5 “If it is medically sound, it will stand up legally >” D 
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POST GRADUATE COURSE 
UNIVERSITY OF ILLINOIS 

The next postgiaduate couise in Laiyngology and Bioncho- 
esophagology to be given by the Umveisity of Illinois College 
of Medicine is scheduled foi the penod Octobei 27 tluough 
Novembei 8, 1958, undei the dnection of Di Paul H Hohngei 

Intel ested legistiants please wnte to Depaitment of Oto- 
laiyngology, Umveisity of Illinois College of Medicine, 1853 
West Polk Sheet, Chicago 12, Illinois 
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neoplasm, benign 01 malignant, not only m gioss appeal ance 
but also in mode of onset and m pioduction of symptoms” 
They feel that with few exceptions all benign tumois should 
be lemoved 

Although the definition, clinical appeal ance, etiology, lusto- 
pathology and location may be vanable or conti oveisial, 



Localized Polypoid Laryngitis 
S. 555-104 

Fig: 2 Most common location on cord—the anterior hnlf (View b> 
indirect lam ng-oscopj ) 


theie is lelative unanimity with legald to tieatment This 
papei will concern itself piimanly with the suigical tieat¬ 
ment 

Tieatment is divided into thiee phases fust, the medica l 
or “expectant” phase A caieful suivey of the mouth, eais, 
nose and throat, and a thoiough medical examination to rule 
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culated ox sessile mass ansing fiom the fiee edge 01 uppei 
suiface of the coid, neai the jynction of the anterioi and 
middle thuds, laiely m the postenoi thud Occasionally 
the lesion may be found in the anteiior commissuie, and m- 
fiequently m the postenoi commissuie It may vaiy m color 
fiom a pale glistening giay to a pink, yellow 01 puiple In 
consistency it may vaiy fiom soft, almost gelatinous, to lathei 
film and nodulai In the diffuse, the swelling involves the 



Fie 1 Instruments used In surelcal treatment of polj poid laryngitis 
A Jackson Lar> ngeal Cup Bite Forceps Angular Jaw 2-4 mm (Direct 
Larj neoscop\ ) B Cur\ed Larj ngeal Forceps (Universal Handle! * 1-4 mm 
(Indirect Laryngoscopj ) 


antenoi half 01 two-thuds 01 moie of one 01 both coids 
The coloi may vary fiom a peaily giay to a dusky pink This 
type may also be flabby 01 somewhat fnm 

Histologically, the localized and the diffuse lesions fre¬ 
quently cannot be diffeientiated and show vaiymg degiees 
of congestion, edema, thiombosis and hyalmization, descubed 
by Fuedbeig and Segall 3 (see Fig 4) 

New and Encli,' in then monumental papei on benign 
tnmms of the laiynx, state that “Inflammatory tumois may 
beai an exact similanty to almost any type of laryngeal 
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Chloiophenol If the lesion is leveisible within a few weeks, 
no fuithei tieatment may be necessary 

The second phase is suigical tieatment, which is essentially 
an excisional biopsy (see Fig 3 ), with gentle, pi ease, super¬ 
ficial lemoval of the lesion It is well lecognized that follow¬ 
ing this pi mciple without damage to the undei lying elastic 
membiane, theie appeals to be complete legeneiation of the 
coid with noimal appeal ance and Tunetion Tins has been 



Fig -1 Localized PoPpoid LarwigitiB Photomicrograph of specimen 
shcn\ n in Fig 3 demonstrating congestion edema thrombosis and h\allni- 
zation of the loose subepithelial connects e tissue 


demonstrated by Jackson, Tuckei , 11 Loie , 10 Hobn^rei 12 an d 
o thei s 13 Jackson 15 states that it is bettei to leave a conv ex 
eH ge of the lesion on the coid, even if this should allow a littl e 
ot tiie~dasai tissue to lemam, lathei than to lemove too much 
tissue, leaving a concavity it necessaiy, a secondary pio- 
ceduie can be done In polypoid lesions with a suggestion of 
hj^pei keratosis 01 leukoplakia, biopsies must be taken fiom 
vanous aieas in the larynx and caiefully labeled as to the 
site of origin of each specimen Thus, eaily 01 in situ carci¬ 
noma can be localized 14 

The lecognized methods of suigical lemoval aie by in¬ 
dued ; 5 or dnect 12 laryngoscopy undei local or general anes- 
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Flgr 3 Localized PoLpoid Lurj ntrltis 
from position shown in Pig- 2 


Photograph of a lesion 


r emo\ ed 



out local 01 pulmonaiy, 01 othei systemic disease 
taut 8 Elimination of the inciting causes such as vocal ln ,’ ) P01 ' 
smoking, and alcohol ingestion, aie mandatoiy Voi US6 ’ 
education is lequned m many cases Specific medical the ^ 
has not been available, although lecently steioids have^^ 
used by Biodmtz " Some symptomatic iehef may be obtai 
fiom a bland mtiatiacheal instillation such as Mono-P 



LOWENTHAL POLYPOID LARYNGITIS 


1099 


Chloiophenol If the lesion is reveisible within a few weeks, 
no furthei tieatment may be necessary 

The second phase is suigical tieatment, which is essential !y 
an excisional biopsy (see Fig 3 ), with gentle, piecise, super¬ 
ficial lemoval of the lesion It is well lecognized that follow¬ 
ing this punciple without damage to the undeilying elastic 
membiane, tlieie appeals to be co mplete legeneiation of the 
coid yith noimal appeal ance ancTliunction This has been 



Fig 4 Localized Polx poid Laryngitis Photomicrograph of specimen 
shown In Fig o demonstrating congestion edema thrombosis and h\allni- 
zatlon of the loose subeplthelial connecti\e tissue 


demonstiated by Jackson, Tuckei , 11 Loie , 10 Hohngei 12 an d 
others 13 Jackson 15 states that it is bettei to leave a corn er 
e 5 ge ~of the lesion on the coi d, even if this should allow a littl e 
of the basal tissue to lemam, rathei than to lemove too much 
tissue, l eaving a concavity" If necessary, a secondary pro- 
ceduie can be done In polypoid lesions mth a suggestion of 
hvpei keratosis or leukoplakia, biopsies must be taken fiom 
vanous aieas in the larynx and caiefully labeled as to the 
site of origin of each specimen Thus, early 01 in situ carci¬ 
noma can be localized 14 

The recognized methods of suigical lemoval are by in¬ 
direct 5 or dnect 12 laryngoscopy undei local or geneial anes- 


1098 


LOWENTHAL POLYPOID LARYNGITIS 



out local 01 pulmonaiy, 01 other systemic disease, is impor¬ 
tant 6 Elimination of the inciting causes such as vocal abuse ; 
smoking and alcohol ingestion, aie mandatory Voice re- 
education is i equn ed m many cases Specific medical therapy 

has not been available, although recently steroids.have been 
has not oee # Some ptomatlc ie lief may be obtained 

flom a bll" mtiatiacheal mst.Hat.on such as Mono-P- 
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three-minute intervals, and the patient is encouiaged to ex- 
pectoiate the excess Some of the anesthetic is applied to the 
upper gum to 1 educe the discomfort of the laryngoscope latei 

Cocaine hydiochlonde, 5 cc of 10 pei cent solution, is 
fleshly piepaxed in the operating loom fiom a measuied 
amount of crystals This is instilled into the laryngopharynx 
and laiynx by the drop method Using a laryngeal syunge 
with a curved tip, seveial diops are placed into the valleculae 
and into each piiiform sinus The patient is mstiucted to 
breathe quietly while the tongue is being held, after which 
he expectoiates the excess and the piocedure is lepeated One 
cc is then instilled ovei the coids with the patient saying "A” 
oi "E” foi a few moments Tins is also lepeated in a few 
minutes Rarely is moie than 3 or 4 cc of the solution re¬ 
quired 

The combined technique is used most often Fust, by 
mdnect laryngoscopy the lesion is lemoved by evulsion with 
a double cupped biting foiceps The patient is usually un- 
awaie that this maneuver is different fiom the instillation 
of the anesthetic Depending upon the size of the lesion, a 
laige or small tip is used Most, if not all, is removed by 
this technique 

Secondly, a dnect laryngoscopy with a Jackson oi Hohngei 
antenor commissuie laryngoscope, using the Andrews chest 
support, oi moie lecently, the Lewy 1 ' holdei, is performed 
with the patient m the supine position, placmg a folded 
blanket under his shoulders Dnect laryngoscopy allows 
closei inspection of the lesion, and permits trimming of small, 
loose faigments of mucosa with a small angulated cupped 
forceps 

Multiple and diffuse lesions aie lemoved except vlien the 
antenoi thud of both coids aie involved, (see Figs 2 , 3 , 4 ) , 
then, the moie seveiely involved side only is opeiated upon 
The poljqioid cord on the othei side is compiessed oi pinched 
with-the double cupped forceps m two oi tlnee areas to i educe 
the edema This may be a form of superficial scanfication 
(see Fig 5 ) It was noted that m a numbei of patients a sub¬ 
sequent proceduie on the second coid vas obviated by this 
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thesia, 01 by suspension' 18 laiyngoscopy undei geneial anes¬ 
thesia Raiely, an external appioach with tiacheotomy may 
be necessaiy for lemoval of a laige giowth 10 The suigical 
tieatment m the senes of cases analyzed was by mdnect 
laiyngoscopy, direct laiyngoscopy, and most fiequently by 
a combination of the two, undei local (topical) anesthesia 
The opeiation is simple, oideily, and lelatively easy on the 
patient Foi a successful pioceduie it is necessaiy to secure 
the cooperation of the patient, and to obtain good anesthesia 



Diffuse Polypoid Left Polypoid Mass re_ 

q Laryngitis moved 

S5I-I927 Right side compressed 


Fig- 5 Diffuse FoUpoid Laryngitis Bilateral 
lesions are similar to the one shown in Fig 4 
surgical treatment (Direct iaryngoscopJc 'vieus) 


T these 

I end IX—Steps i n the 


Since the lesions undei discussion occur most fiequently in 
adults, this can usually be accomplished * Jn 

Premedication consists of seconal oi nembutal, giams 4 to 
giams H, taken at bedtime the night before suigeiy and 
repeated one houi pie-operatively Moiphine sulfate, grams 
1/8 to giams 1/6, and scopalomme, giams 1/300 to gi a i ns 
1 / 200 , aie given hypeiderrmcally one-half houi pre-opeiati ve , 

ly 

The mouth, oiophaiynx and hypophaiynx aie spiayed with 
2 pel cent pontocame solution two oi thiee times at about 




LOWENTHAL POIAPOID LARYNGITIS 


1103 


to lemove fuithcr tissue In one instance theie vas a le- 
cunence of a lesion on the same cold tlnee veais latei The 
second lesion, howevei, occuned at the junction of the middle 
and postenoi tlmds, wheieas the ongmal was at the junction 
of the antenoi and middle thuds The lesions also vaued 
somewhat, the fust being a polyp and the second a cjst In 
nme patients with bilateial diffuse polypoid degeneiation of 
both coids, onlv thiee lequned opeiation on the second side 
aftei use of the compiession (scanfication) technique In 
one, with only slight diffuse involvement of the second cord, 
the compiession technique was not necessary, and this patient 
also made a good lecoveiy 

SUMMARY AND CONCLUSIONS 

1 The paiticulai stiuctuie of the subepithelial space of 
Reinke piedisposes to the foimation of laryngeal polyps on 
the vocal coids 

2 In the senes piesented, as in othei senes, the most com¬ 
mon benign tumois aie inflammatory, and of these the local¬ 
ized polyps aie the most fiequent 

3 Tieatment is divided into thiee phases the medical oi 
“expectant”, the suigical, wheiem undei local (topical) 
anesthesia, combined mduect oi dnect laryngoscopy is pei- 
foimed in all cases, the post-suigical, with lemoval of the 
initial piedisposmg factois and \oice collection theiap\ if 
lequired 

U In diffuse polvpoid involvement of both coids, the largei 
lesion is lemoved The smallei lesion is compressed (supei- 
ficiallv scarified) m two or thiee aieas with a double cupped 
f oi ceps This fiequentlv obnates the need foi suigery on 
the second cold 

5 In general, the piognosis m these lesions is good Re- 
cunences aie uncommon 
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technique *Tschiassny 3S states that scanfication is an old 
tieatment and attubutes the idea to Hajek Waldapfel 1 le- 
ported the use of “simple, supeificial scanfication of flabby ^ 
tissue” m such a case, with complete lesolution of the lesion 
without visible scai formation 


The thud phase is post-surgica l This con sists of complet e 
vocal lest foi a penod of 10 to 1 4 days, followed by a regime 
oT~~spaiing the voi ce foi a penod of several weeSs~and by 
voice coiiectiqn_J heiapy, if indicated This phase also in¬ 
cludes the lemoval of the factois which piedisposed to the 
lesion initially At the conclusion of the third phase the 
coids appeal to be well healed and the voice returns to noimal 
Recunences aie uncommon 


The case histones reviewed foi this papei aie of patients 
ovei 20 yeais of age who failed to lespond to the medical oi 
“expectant” treatment descnbed m phase one and, therefoie, 
lequired suigical intervention This gioup consisted of 62 
adult pnvate patients opeiated upon foi benign laiyngeal 
tumois dunng the past ten yeais It is inteiestmg to note 
that even m this small senes theie was a general distnbution 
of lesions compaiable to the vastly laigei senes reported bv 
New and Ench,' and by Holmger 12 Polypoid tumois pre¬ 
dominated m the small gioup, as they did m the largei senes 
Thirty-five of the lesions weie polypoid tumors, of which 
26 weie localized polyps and nine showed diffuse polypoid 
degeneiation of both coids Six weie papillaiy tumois, six 
weie multiple papillomata , theie weie thiee angiomas, one 
hemangioma, two gianulomas, three amyloid tumois, one 
leukoplakia, two cysts, two thiombosed vances and one vocal 
nodule In six instances othei than the papillomata there weie 
multiple localized lesions, sometimes of diffeient types 


In spite of the vanation of diagnoses of these benign tumois 
and of then neoplastic and non-neoplastic chaiaeter, the tieat¬ 
ment of this entue senes was essentially the same Following 
suigery the coids healed well and appeared normal, and the 
voice letumed to noimal within a penod of seveial weeks 
In only two cases was it necessaiy to go back a second time 


"T^T^uffgrests that diffuse lesions he knovvn h> the descriptive term 
•subeplthfnal chronic edematous cordltla 



SUBCOMMITTEE ON HEARING IN CHILDREN 


The Amencan Academy of Ophthalmology and Otolaryn¬ 
gology, through its Subcommittee on Heaung m Children of 
the Committee on Conservation of Hearing, has been conduct¬ 
ing a long-term nationwide study of pioblems relating to the 
conservation of heaung in childien The specific aims aie to 
develop the most efficient case-finding methods and to use 
these methods m estimating the magnitude of the pioblem m 
the country, to study state laws and review current practices 
and facilities foi rehabilitation of hearing impaired children, 
to help develop methods foi medical and surgical rehabilita¬ 
tion standaids, and ultimately to use the Subcommittee find¬ 
ings in assisting professional woikeis to impiove and enhance 
progiams m hearing loss 

In the second yeai of opeiations, a full-time Executive 
Director has been engaged, and offices established at the 
Graduate School of Public Health, Umveisity of Pittsburgh 
An initial study is being conducted m Pittsburgh to identify 
early medical signs and symptoms winch may indicate danger 
of hearing impairment, to measure the psychological, social 
and othei effects of such impairment and to develop efficient 
and economical methods foi the testing of hearing m children 
The Pittsbuigh study is a cooperative effort among the fol¬ 
lowing The Subcommittee on Hearing in Children, the 
Giaduate School of Pubhc Health and the School of Medicine 
of the University of Pittsburgh, the Pittsbuigh Boaid of 
Pubhc Education, and the Allegheny County Department of 
Health. 

The members of the Subcommittee on Healing m Children 
are Di John E Boidley, Baltimore, Di Victor Goodhill, 
Los Angeles, Dr Holhe E McHugh, Montreal, Dr S Rich¬ 
ard Silverman, St Louis, and Dr Raymond E Jordan, 
(Chairman) Pittsburgh An advisory committee of consult¬ 
ants from the University of Pittsburgh includes Dr Samuel M 
Wishik, Dr Leo G Doerflei, and Di Isidore Altman Grants 
from the United States Children’s Bureau through the Penn¬ 
sylvania Department of Health and from the National In¬ 
stitutes of Health are providing financial support 
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DIRECTORY OF OTOLARYNGOLOGIC SOCIETIES 

(Secretaries of the various societies are requested to keep this 
Information up to date) 


AMERICAN ACADEMY OF OPHTHALMOLOGY AND 
OTOLARYNGOLOGY 

President Dr Erling W Hansen, 90 So Ninth St, Minneapolis, Minn 
Executive Secretary Dr William L Benedict Mayo Clinic, Rochester, 
Minn 

Meeting Palmer House, Chicago Ill 


AMERICAN BOARD OF OTOLARYNGOLOGY 

Meeting Palmer House Chicago Ill 


AMERICAN BRONCHO ESOPHAGOLOG1CAL ASSOCIATION 

President Dr Walter Hoover, 605 Commonwealth Bldg Boston, Mass 
Vice-President Dr Walter P Work, 384 Post St San Francisco, Calif 
Secretary Dr F Johnson Putney 1719 Rittenhouse Square Philadel 
phia, Pa- 

Treasurer Dr Verling K. Hart 106 W 7th St, Charlotte, N C 


AMERICAN LARYNGOLOGICAL ASSOCIATION 

President Dr Harry P Schenk 326 S 19th St, Philadelphia 3, Pa- 
Secretary Dr James EL Maxwell, University Hospital Ann Arbor Mich 


AMERICAN LARYNGOLOGICAL, RHINOLOGICAL AND OTOLOGICAL 

SOCIETY, INC 

President Dr Gordon Hoople 1100 E Genesee St Svracuse 10 N Y 
President Elect Dr Theo E Walsh 640 So Kingshighway St Louis 
10 Mo 

Secretary Dr C Stewart Nash 700 Medical Arts Bldg Rochester 7, 
N Y 

Place The Homstead Hot Springs, Va-, March, 1959 


AMERICAN MEDICAL ASSOCIATION, 

SECTION ON LARYNGOLOGY, OTOLOGY AND RHINOLOGY 

Chairman Dr Gordon D Hoople Syracuse N Y 
Vice-Chairman Dr Kenneth L. Craft Indianapolis Ind. 

Secretary Dr Hugh A. Kuhn Hammond Ind 

Representative to Scientific Exhibit Walter Heck, M.D San Francisco 
Calif. 

Section Delegate Gordon Harkness MJ) Davenport Iowa 
Alternate Delegate Dean Llerle MJ) Iowa City, Iowa. 
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PROGRAM OF THE SEVENTH INTERNATIONAL 
CONGRESS OF BRONCHOESOPHAGOLOGY 

Meeting Place—Kyoto Univeisity, Kyoto, Japan 

Fiiday, Septembei 12th, 1958 

8 00 PM-10 00 PM—Reception (Party) Shimomuia 
House m Kyoto 

Satuiday, Septembei 13th 

8 00 AM—Inauguial Session (m Kyoto Univeisity Hall) 

9 00 A M-12 00 M—Fust Scientific Session 

12 00 M-2 00 PM —Luncheon (Reception The Place not 
decided) 

2 00 P M -6 00 P M —Sightseeing in Kyoto 
8 00 P M —Banquet, Miyako Hotel 

Sunday, Septembei 14th 
8 00 AM-11 30 AM —Second Scientific Session 

11 30 AM-12 00 M—Closing Ceiemony 

12 00 M—Depaituie foi sightseeing m Naia 

1 00 PM—Luncheon, Naia Hotel 

2 00 PM-6 00 PM—Sightseeing m Naia 
7 00 PM—Return to Kyoto 
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ASOCIACION DE OTO-RlNO-LARlNGOLOGiA DE BARCELONA, SPAIN 

Presldente Dr J Abello 
Ylce-Presidente Dr Luis Sane Medan. 

Secretario Dr Jorge Perellft 319 Provenxa, Barcelona. 

Ylce-Secretario Dr A- Pinart 
Vocal Dr J if Ferrando 


BALTIMORE NOSE AND THROAT SOCIETY 

Chairman Dr Walter E Loch, 1039 No Calvert St, Baltimore, Maryland. 
Secretary-Treasurer Dr Theodore A. Schwartz. 


BUENOS AIRES CLUB OTOLARINGOLOGICO 

Presfdente Dr K. Segre 
Vice-President© Dr A. P Belou. 

Secretario Dr S A. Aranz. 

Pro-Secretario Dr J II. Tato 
Tesorero Dr F Games 
ProTesorero Dr J A Bello 

CANADIAN OTOLARYNGOLOGICAL SOCIETY 
SOCIETE CANADIENNE D'OTOLARYNGOLOGIE 

President Dr Robert T Hayes, 42 Cobourg St St John N B 
Secretary Dr Donald it McRae, 324 Spring Garden Rd., Halifax N S 

CENTRAL ILLINOIS SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr G C. Otrlch Belleville, IIL 
President-Elect Dr Phil R. McGrath Peoria, IIL 
Secretary-Treasurer Dr Alfred G Schultz, Jacksonville, III. 


CHICAGO LARYNGOLOGICAL AND OTOLOGICAL SOCIETY 

President Dr Stanton A. Friedberg 122 So Michigan Are., Chicago 3 
IIL 

Vice-President Dr Maurice Snitman, 408 So 5th Ave., Maywood HL 
Secretarv-Treasurer Dr Fletcher Austin 700 No Michigan Are., Chi¬ 
cago 11 HL 

Meeting First Mondav of each Month, October through May 


CHILEAN SOCIETY OF OTOLARYNGOLOGY 

President Dr Enrique Grunwald S 
Vice-President Dr Agustin Estartus 
Secretarr Dr Marcos Chaimovich S 
Treasurer Dr Benjamin Kapkan K. 

Director Dr Alberto Basterrica A. 

DALLAS ACADEMY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr Dud wig A. Michael 3707 Gaston Ave. Dallas Tex. 
Vice-President Dr Hal W Maxwell 

Secretary Treasurer Dr Edward A. Newell 1511 No Bechlev Dallas 8 
Tex. 
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AMERICAN OTOLOGICAL SOCIETY, INC 

President Dr Moses Lurie, Boston, Mass 
President Elect Dr R, C Martin 

Secretary Dr Lawrence R Boies, University Hospitals, Minneapolis 14, 
Minn 

Place The Homestead, Hot Springs, Ya,, 1959 

AMERICAN OTORHINOLOGIC SOCIETY FOR THE ADVANCEMENT 
OF PLASTIC AND RECONSTRUCTIVE SURGERY 

President Dr Joseph Gilbert, 111 E 61st St, New York, N Y 
Vice President Dr Kenneth Hinderer, 402 Medical Arts Bldg, Pitts 
burgh, Pa 

Secretary Dr Louis Joel Pelt, 66 Park Are, New York 16, N Y 
Treasurer Dr Arnold L Caron, 36 Pleasant St, Worchester, Mass 


AMERICAN RHINOLOGIC SOCIETY 

President Dr Russell L Williams, 408 Hynds Bldg, Cheyenne, Wyo 
Secretary Dr Robert M Hansen, 1735 No Wheeler Ave , Portland, Ore 
Annual Clinical Session Illinois Masonic Hospital, Chicago, HI, October, 
1958 

Annual Meeting October, 1958, Chicago, Ill (Definite time and place to 
be announced later) 


AMERICAN SOCIETY OF FACIAL PLASTIC SURGERY 

President Dr Trent W Smith, 327 East State SL, Columbus 15, Ohio 
Secretary Dr Samuel M Bloom, 123 East 83 SL, New York 28, N Y 
Meeting New York, July 16, 1958, December 3, 1958, place to be an 
nounced 

AMERICAN SOCIETY OF OPHTHALMOLOGIC AND 
OTOLARYNGOLOGIC ALLERGY 

President Dr Joseph W Hampsey, Grant Bldg , Pittsburgh 19, Pa 
Secretary Treasurer Dr Daniel S DeStio, 121 S Highland Ave, Pitts 
burgh 6, Pa. 

Annual Meeting Palmer House, Chicago, Ill, October 16 17, 1958 

ASSOCIACAO MEDICA DO INSTITUTO PEN1DO BURNIER— 

CAMPINAS 

President Dr Lech Junior 
First Secretary Dr Franco do Amaral 
Second Secretary Dr J M Queiroz Abreu 
Librarian Treasurer Dr Sornza Queiroz 

Editors for the Archives of the Society Dr Guedes de Melo Filho, Dr 
Antonio de Almeida and Dr Gabriel P6rto 
Meetings Twice every month, first and third Thursday, 8 30 PM 

ASOCJACION DE OTORRJNOLARJNGOLOGJA 
Y BRONCOESOFAGOLOGIA DE GUATEMALA 

Presldente Dr Julio Quevedo, 15 Calle Oriente No 5 

First Vice-Presidente Dr Hector Cruz, 3a Avenida Sur No 72 

Second Vice-Presidente Dr Jos6 Luis Escamilla 6a Calle Poniente 

Se^cretarlo-Tesorero Dr Horace Polanco, 23 Calle Poniente No 9 D 
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LOS ANGELES SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 


President Dr Max E Pohlman 

Secretarv Treasurer Dr Wendell C Irvine 

Chairman of Ophthalmology* Section Dr Carroll A. McCo\ 

Secretarv of Ophthalmology Section Dr Philip D Shanedling 

Chairman of Otolarvngologv Section Dr Robert W God avid 

Secretary of Otolarvngologv Section Dr Francis O X Morris 

Place Los Angeles Countv Medical Association Bldg 1925 Wilshire 
Blvd , Los Angeles Calif 

Time 6 30 PAT last Mondav of each month from September to June 
inclusive—Otolarvngologv. Section 6 30 first Thursdav of each month 
from September to June inclusive—Ophthalmologv Section. 


LOUISIANA MISSISSIPPI OPHTHALMOLOGICAL 
AND OTOLARYNGOLOGICAL SOCIETY 

President Dr Fred D Hollowell Lamar Life Bldg Jackson, M iss 
Secretarv Dr Edlev H Jones 1301 Washington SL Vicksburg Miss 
Meeting Edgewater Gulf Hotel Edgewater Park Miss Mav 15 16 1959 

MEMPHIS SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

Chairman Members serve as chairmen in alphabetical order monthly 
Secretary-Treasurer Dr Roland H Myers 1720 Exchange Bldg Mem 
phis, Tenn. 

Assistant Secretary-Treasurer Dr William F Hurrah, Jr, Exchange 
Bldg Memphis, Tenn 

Meeting Second Tuesday in each month at 8 00 pm at Memphis Eye, 
.Nose and Throat Hospital. 


MEXICAN ASSOCIATION OF PLASTIC SURGEONS 

President Dr Cesar LaBoIde Mexico, D F 
Vice-President Dr M. Gonzales Tilloa, Mexico D F 
Secretary Dr Juan De Dios Peza, Mexico D F 


MISSISSIPPI VALLEY MEDICAL SOCIETY 

President Dr Arthur S Bristow, Princeton Mo 

Secretary Treasurer Dr Harold Swanberg Quincy, Ill 

Assistant Secretarv-Treasurer Dr Jacob E Reisch, Springfield Ill 

NETHERLANDS SOCIETY OF OTORHINOLARYNGOLOGY 
(Nederlandsche Keel Neus-Oorheelkundlge Vereeniglng ) 

President Dr H. Navis Sonsbeekweg 6 Arnhem. 

Secretary Dr W H. Struben J J Viottastraat 1 Amsterdam. 
Treasurer Mrs F Velleman Pinto Jac Obrechtstr 66 Amsterdam 

NORTH CAROLINA EYE, EAR, NOSE AND THROAT SOCIETY 

President Dr J C Peele Kinston Clinic Kinston N ^ 
Vice-President Dr George E Bradord Winston-Salem N C 
Secretary Treasurer Dr J D Stratton. 1012 Kings Drive Charlotte 7 
N C 
Vieeting 
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FEDERACION ARGENTINA, 

DE SOCJEDADES DE OTORRINOLARINGOLOGIA 

Secretary of the Interior Prof Dr Atilio Viale del Carril 
Secretary of Exterior Dr Aldo G- Remorino 
Secretary Treasury Prof Dr Antonio CarraBcosa 
Pro Secretary of the Interior Prof Dr Carlos P Mercandino 
Pro-Secretary of the Exterior Prof Dr Jaime A. del Sel 
Pro Secretary of the Treasury Dr Jorge Zublzarreta 


FIRST CENTRAL AMERICAN CONGRESS OF 
OTORHINOLARYNGOLOGY 

President Dr Victor M Noubleau, San Salavador 
Secretary Treasurer Dr Hector IL Silva, Calle Arce No 84, San Salva 
dor, El Salvador, Central America. 


FLORIDA SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr Chas C Grace, 145 King St, St Augustine, Fla , 
President Elect Dr Jos W Taylor, 706 Franklin St, Tampa, Fla 
Secretary Treasurer Dr Carl S McDemore, 1217 Kuhl Ave , Orlando, Fla 


FOURTH LATIN AMERICAN CONGRESS OF 
OTORINOLARf NGOLOGfA 

President Dr Dario 

Secretary 

Meeting 


GREATER MIAMI EYE, EAR, NOSE AND THROAT SOCIETY 

President Dr William B Steinman 
President-Elect Dr James H Mendel, Jr 
Secretary Treasurer Dr H Carlton Howard 

Meeting quarterly (March, May, October and December), on the second 
Thursday of the month, S SO PM at Urmey Hotel, Miami 


INTERNATIONAL BRONCHOESOPHAGOLOGICAL SOCIETY 
President Dr Jo Ono, Tokyo, Japan 

Secretary Dr Chevalier L Jackson, 3401 N Broad St , Philadephia 40 
Pa., U S A 

Meeting Seventh International Congress of Bronchoesopbagology 
Kyoto, Japan, September, 1958 


KANSAS CITY SOCIETY OF OTOLARYNGOLOGY 
AND OPHTHALMOLOGY 

President Dr Clarence H Steele 
President-Elect Dr Dick H. Underwood 

Secretary Dr James T Robison, 4620 J C Nichole Parkway, Kansas 

Meeting ° Third Thursday of November January, February and April 
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RESEARCH STUDY CLUB OF LOS ANGELES, INC 

Chairman Dr Orrie E Ghrist, 210 N Central Are Glendale Calif 
Treasnrer Dr Norman Jesberg, 500 So Lucas Ave , Los Angeles 17 Calif 
Otolaryngology Dr Russell M. Decker, 65 N Madison Ave , Pasadena 
1 Calif. 

Ophthalmology Dr Warren A. Wilson, 1930 Wilshire Bird., Los An 
geles 57, Calif. 

Mid-Winter Clinical Convention annually, the last two weeks in January 
at Los Angeles Calif 


SECTION OF OTOLARYNGOLOGY OF THE MEDICAL SOCIETY 
OF THE DISTRICT OF COLUMBIA. 

Chairman Dr J L. Levine. 

Vice-Chairman Dr RHssell Page. 

Secretary Dr James J McFarland. 

Treasurer Dr Edward M. O'Brien. 

Meetings are held the second Tuesday of September November January 
March and May, at 6 30 PAL 
Place Army and Navy Club Washington D C 


SCOTTISH OTOLARYNGOLOGICAL SOCIETY 

President RAM. Gonna] l Royal Crescent, Glasgow C 3 Scotland. 
Secretary-Treasurer Dr J F Birrell 14 Moray Place Edinburgh 
Assistant Secretary Dr E D Brown Kelly 11 Sandyford Place, Glas 
gow 


SOCIEDAD COLUMBIANA DE OFTALMOLOGIA Y 
OTORRINOLARINGOLOGIA (BOGOTA, COLUMBIA) 

Presidente Dr Alfonso Tribin P 
Secretario Dr Felix E Lozano 
Tesorero Dr Mario Arenas A 


SOCIEDAD CUBANA DE OTO LARINGOLOGIA. 

President Dr Reinaldo de Villiers 
Vice-President Dr Jorge de C&rdenas 
Secretary Dr Pablo Hernandez 


SOCIEDAD DE ESTUDIOS CLINICOS DE LA HABANA 

Presidente Dr Frank Canos a Lorenzo 
Vice-Presldente Dr Julio San gully 
Secretario Dr Juan Portuondo de Castro 
Tesorero Dr Luis Ortega Verdes 

SOCIEDAD DE OTORRINOLARINGOLOGIA Y 
BRONCOESOFAGOSCOPIA DE CORDOBA 

Presidente Dr Aldo Remorino 
Vlce-Presidente Dr Luis E. Olsen 
Secretario Dr Eugenio Romero Diaz 
Tesorero Dr Juan Manuel Pradales 

Vocal es Dr Osvaldo SuSrez Dr Nondier Asls R.. Dr Jorge Bergallo 
Yofre 
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NORTH OF ENGLAND OTOLARYNGOLOGICAL SOCIETY 

President Mr G L. Thompson, 16 Ramshlll Road, Scarborough, York¬ 
shire 

Vice-President Mr J H Otty, Frizley Old Hall, Frizinghall Road, 
Bradford, Yorkshire 

Secretary and Treasurer Mr R Thomas, 27 High Petergate, York, 
Yorkshire 


OTOSCLEROSIS STUDY GROUP 

President Dr L R Boles, University Hospital, Minneapolis, Minn 
Secretary Treasurer Dr Arthur L. Juers, 611 Brovm Bldg, Louisville, 
Ky 

Meeting Palmer House, Chicago, Ill 

PACIFIC COAST OTO-OPHTHALMOLOGICAL SOCIETY 

President H Leroy Goss, M D , 620 Cobb Bldg, Seattle 1, Washington 
Secretary-Treasurer Homer E Smith, MD, 508 East South Temple, 
Salt Lake City, Utah. 

Meeting 

PAN AMERICAN ASSOCIATION OF OTO RHINO-LARYNGOLOGY 
AND BRONCHO ESOPHAGOLOGY 
President Dr Jose Gros, Havana, Cuba 

Executive Secretary Dr Chevalier L Jackson, 3401 N Broad SL, Phlla 
delphia 40, Pa., U S A. 

Meeting Sixth Pan American Congress of Oto-Rhino-Laryngology and 
Broncho-Esophagology 
Time and Place Brazil, 1958 


PHILADELPHIA LARYNGOLOGICAL SOCIETY 

President Dr Chevalier L. Jackson 

Vice-President Dr John J O'Keefe 

Treasurer Dr Joseph P Atkins 

Secretary Dr Louis E Slicox 

Historian Dr Herman B Cohen 

Executive Committee Dr Harry P Scbenck, Dr , Benjamin H Shuster, 
Dr William A. Lell, Dr , William J Hitschler 

PITTSBURGH OTOLOGICAL SOCIETY 

President Dr Bernard L. Silverbiatt, 3500 Fifth Avenue, Pittsburgh, Pa 
Vice-President Dr Emory A. Rittenhouse, 203 Masonic Bldg, McKees 
port, Pa 

Secretary Treasurer Dr John T Dickinson Mercy Hospital, Pittsburgh 
19, Pa 


PORTUGUESE OTORHINOLARYNGOLICAL SOCIETY 
President Dr Albert Luis de Mendonca 

Secretary Dr Antonio da Costa Quinta, Avenida, de Liberdale 66, 1° 
Lisbon 


PUGET SOUND ACADEMY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 


President Dr Clifton E Benson, Bremerton Wash. 

President Elect Dr Carl D F Jensen, Seattle, Wash 
Secretary Dr Willard F Goff. 1215 Fourth Ave, Seattle, Wash 
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S0C1EDAD PANAMENA DE OTORRINOLARINGOLOG1A 

Presidente Dr Manuel Preciado 

First Vice Presidente Dr Alonso Koy 

Second Vice-Presidente Dr Carlos Arango Carbone 

Secretario Dr Marla Esther VUlalaz 

Tesorero Dr Ram6n Crespo 

SOCIEDADE PORTUGUESA DE OTORRINOLARINGOLOGIA 

E DE 

BRONCO ESOFAGOLOGIA 

Presidente Dr Alberto Luis De Mendonca. 

Vice-Presidente Dr Jaime de Magalhaes 
L° Secretario Dr Antonio da Costa Quinta, 

2 • Secretario Dr Albino Coelho 

Tesoureiro Dr Jose Antonio de Campos Henriques 

Vogais Dr Teofilo EsquiveL 

Dr Antonio Cancela de Amorim 
Sede Avenida da Liberdade, 65, l* p LiBboa. 

SOCIETY OF MILITARY OTOLARYNGOLOGISTS 

President Capt William C Livingood U S N (M C ) 

Secretary Treasurer LL Col Sanley H Bear M.C 3810th USAF Hos- 
pital Maxwell AFB Alabama 
Meeting Palmer House Chicago Ill 

SOUTH CAROLINA SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr James H Gressette, Orangeburg, S C 
Vice-President Dr Robert P Jeanes Easley S C 
Secretary Treasurer Dr Roderick Macdonald 333 East Main SL Rock 
Hill S Car 
Meeting 


SOUTHERN MEDICAL ASSOCIATION, 

SECTION ON OPHTHALMOLOGY AND OTOLARYNGOLOGY 

Chairman Dr V Eugene Holcombe Charleston W Va, 

Chairman Elect Dr G Slaughter Fitz-Hugh Charlottesville Va 
Vice-Chairman Dr George M Haik, New Orleans La 
Secretary Dr Mercer G Lynch New Orleans La 

VIRGINIA SOCIETY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr Benjamin Sheppard 301 Medical Arts Building, Rich 
mond Virginia 

President Elect Dr Emanuel U Wallerstein Professional Building 

Richmond Virginia, 

Vice-President Dr Calvin T Burton, Medical Arts Building Roanoke 
Virginia 

Secretary-Treasurer Dr Maynard P Smith 600 Professional Building, 
Richmond Virginia, 

Meeting 


WEST VIRGINIA ACADEMY OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 

President Dr James K, Stewart Wheeling W Va, 
Secretary-Treasurer Dr Frederick C Reel Charleston W Va, 
Annual Meeting 
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SOCIEDAD DE OTO-RINO-LARINGOLOGIA, 
COLEGIO MEDIO DE EL SALVADOR, SAN SALVADOR, C A 

President Dr Salvador Mixco Pinto 
Secretary Dr Daniel Alfredo Alfaro 
Treasurer Dr Antonio Pineda M 


SOCIEDAD ESPANOLA DE OTORRJNOLARINGOLOGIA 

Pjesidente Dr D Adolfo Hin ojar Pons 
Vlce-Presidente Dr D Jose Perez Mateos 
Secretario General Dr D Francisco MarafiGs 
Tesorero Dr D .Ernesto Alonso Ferrer 


SOCIEDAD MEXICANA DE OTORRINOLAR/NGOLOGIA 
Havre 7—Desp 62 
Mexico 6, D F 

Honorary President Dr Ricardo Uapia y Fernandez 
President Dr M&ximo Garcia Castaiieda 
Secretary Dr Eduardo de la Parra 
Treasurer Di Guillermo P6rez Viilasante 
Vocal Dr Raiael Paccliiano 


SOCIEDAD NACIONAL DE CIRUGIA OF CUBA 

Presidente Dr Reinaldo de Villers 

Vice-Presidente Dr L6sar Cabrera Calderln 

becretario Dr Jos6 Xirau 

iesorero Dr Alfredo M PetiL 

Vocal Dr Jos6 Gross 

Vocal Dr Pedro Hernandez Gonzalo 


SOCIEDAD OTO RINO LARINGOLOGIA DE LOS 
HOSPITALES DE MADRID 

Presidente Dr Don Fernando Beltrdn Castillo 
Secretario General Dr Don Alfonso Vassallo de Mumbert 
Tesorero Dr Don Rafael Garcia Tapia. 


SOCIEDAD VENEZOLANA DE OTORRI NO LARINGOLOGIA 

Presidente Dr Alfredo Cells P4rez 
Vice-Presldente Dr Bustamante Miranda. 

Secretario General Dr Jesus Miralles 
Tesorero Dr M Matheus 

Vocales Dr Perez Velasquez and Dr Wilxner Palacios 


SOC1EDADE DE OFTALMOLOGIA E OTORRINOLARINGOLOGIA DO 
RIO GRANDE DO SUL 

President Dr Paulo Fernando Esteres 

Vice-President Dr Jayme Schilling 
First Secretary Dr Carlos Buede. 

Second Secretary Dr Moizds SabanJ 
First Treasurer Dr Israel Schennan 
Second Treasurer Dr Riraddvia C Meyer 
Librarian Dr Carlos M Carrion 
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THE INSTITUTIONS OFFERING EIGHT-NINE MONTHS’ 
COURSE IN BASIC SCIENCE IN OTOLARYNGOLOGY 

LEADING TO 

CERTIFICATION AND HIGHER DEGREES* 


COLLEGE OF MEDICAL EVANGELISTS 

Graduate School of Medicine 
Boyle and Michigan Avenue 
Los Angeles 33, California 


HARVARD MEDICAL SCHOOL 

25 Shattock Street 
Boston 15, Massachusetts 
at Harvard Medical School and 
Manchester Eye and Ear Infirmary 


NORTHWESTERN UNIVERSITY SCHOOL OF MEDICINE 

Evanston, Illinois 


UNIVERSITY OF ILLINOIS COLLEGE OF MEDICINE 

1853 West Polk Street 
Chicago 12, Illinois 


UNIVERSITY OF PENNSYLVANIA 

Graduate School of Medicine 
36th and Pine Streets 
Philadelphia, Pennsylvania 


WASHINGTON UNIVERSITY SCHOOL OF MEDICINE 

Euclid Avenue and Kingshighway 
SL Louis 10, Missouri 


TULANE MEDICAL SCHOOL 

1430 Tulane Avenue 
New Orleans 12, Louisiana 
at Tulane Medical School and 
Eye, Ear, Nose and Throat Hospital 


NEW YORK UNIVERSITY 

Bellevue Medical Center 
Post-Graduate Medical School 
477 First Avenue 
New York 16, New York 

Basic Sciences In Otolaryngology 
September through June 


•Out subscribers are asked to send us information on other Institutions 
giving- such courses 
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NOTICE TO CONTRIBUTORS 


The Laryngoscope leserves the right of exclusive publication 
of all articles submitted This does not preclude their publication 
m Transactions of various Societies 

Manuscripts should be typewritten, double spaced, on one side 
of paper only and with sufficient margins to allow for corrections 

Author’s name and city should appear directly under title on 
fn st page, street address at end of article 

All prints or photographs to be submitted m black and white, 
m good sharp contrast Good halftones depend upon clear photo¬ 
graphs Line drawings for zincs to be in black and white Colored 
inks or red or blue quadrille rulings will not reproduce 

References should be complete author’s surname, initials, 
title of article, Journal, volume, page, month, year 

Six illustrations will be furnished for each article without cost 
to author Authors wall please limit illustrations to six or assume 
the expense of additional illustrations 

Proofs will be submitted to authors for corrections If these 
are not returned, articles will be published as corrected m this 
office 

Repimts wall be furnished at the following prices 
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CENTRAL INSTITUTE 

FOR THE DEAF 

Founded by 
Dr Max A Goldstefn 

ORAL SCHOOL for deaf children 
—Day and Residential—Preschool 
to High School— 


SPEECH CORRECTION—Classes 
for Children with Aphasia and 
other defects of speech 


Modem dormitories and equipment 


INSTRUCTION and CLINICS for 
hearing assessment, deafness pre¬ 
vention, auditory training, lipread¬ 
ing, speech defects, Including apha¬ 
sia, cleft palate, laryngectomy, 
stuttering, articulatory defects, 
voice disorders—children and adults 


TEACHERS COLLEGE — affiliated 
with Washington University—leads 
to B S and MJ\ degrees and Ph D 
research degree—outstanding op¬ 
portunities for practice 


MODERN LABORATORIES FOR RESEARCH 
IN SPEECH AND HEARING 


S Richard Silverman, Ph D , 

Director 

Helen S Lane, Ph D, 

Principal 

For further information address the Principal 

818 S K1NGSHIGHWAY 
ST LOUIS 10, MISSOURI 
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THE MOTOR ACTIVITY OF THE CRICOPHARYNGEUS 

MUSCLE tyl** 

John A Kirchner, M D , 

New Haven, Conn 

Of the many muscles involved in the complex act of swal¬ 
lowing, none has equaled the cncophaiyngeus m stimulating 
the ctmosity of the mvestigatoi, the mteiest of the clinician 
and the lespect of the esophagoscopist 

Fust mentioned as a distinct anatomical entity by Valsalva 1 
m 1717, the cncophaiyngeus was lecogmzed by succeeding 
anatomists, 2 3 4 who usually included it with the mfenoi con- 
stnctoi muscle, as its lowei-most oi cncophaiyngeal portion 
Its sphmctei-hke action was lecogmzed m 1823 by Home 5 and 
latei discussed by Mikulicz, 0 1881, Killian," 1908, and Jack- 
son* m 1914 Its i elation to the mouth of the esophagus was 
caiefully studied by Elze 9 m 1929, and moie lecently by 
Lei che 10 

Its physiological identity has been furthei demonstiated by 
studies m compaiative lx and gloss anatomy, 12 by loentgeno- 
giaphic demonstiation of sphincter action, 1314 and by the lelief 
of post-pohomyehtic dysphagia following suigical section of 
the cncophaiyngeus muscle 15 

Spasm of the cncophaiyngeus muscle and its pioduction by 

•Presented as Candidates Thesis to American Lari ngrolofrical Rhinoloei- 
cal and Otological Socletv 1957 e 

slt^School 1 ^of°MedIclne° 10e ^ Sectlon Department of Surgerj Tale Uni\ er- 

School^f Medicine 111 fr ° m the GeoT SO H. Kni&ht Memorial Fund of Yale 

ac?S^ 0 ^W™to?“r C j7 P % r 5 e 8 CelVed *" The ^ nE ° 8C0 ^ °« lce anfl 

••Recipient of the Harris P Mosher Award 195S 
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autonomic imbalance is fiequently mentioned by clinical 
authois as a cause of dysphagia, but without much expen- 
mental evidence to support it One of the few basic investiga¬ 
tions of this pioblem was lepoited by Sjobeig in 1939 , ,rt in¬ 
volving fluoi oscopic studies of the banum-filled esophagus m 
cats aftei vanous combinations of ciamal neive sections in 
the neck Aftei bilateial vagotomy, autopsy showed a nai- 
lowed condition m both the uppei and lowei ends of the 
esophagus, attnbuted by Sjobeig to spastic conti actions dui- 
mg life Admmistiation of eigotamme tartiate to vagotom- 
ized cats to combat sympathetic activity pioduced lelaxation 
at both the cucophaiyngeal and caidiac ends of the esophagus 
The parasympathetic action was then simulated m these 
animals by injection of acetyl-choline, wheieupon the cnco- 
phaiyngeus lelaxed and peustaltic waves weie seen passing 
down the esophagus Sjoberg’s conclusion fiom these findings 
was that the esophageal ostia aie caused to conti act by the 
adieneigic sympathetic fibeis, while the chohneigic vagus 
fibeis bung about lelaxation 

Furthei support foi this intei pi etation was furnished by 
Rogeis, 1 " who lepoited lelief of seveie dysphagia m a woman 
with a spastic cucophaiyngeus muscle on whom he peifoimed 
bilateial extnpation of the supenoi ceivical sympathetic 
ganglia One must admne his couiage as well as his suigical 
lesult, foi his opeiation had veiy little expel imental 01 clini¬ 
cal evidence to lecommend it Even today a sympathetic 
supply to the cucophaiyngeus is flatly denied by Hollmshead,’* 
who states that “the cucophaiyngeus muscle, being a volun- 
taiy one, is not mneivated by the sympathetic system, and 
theie seems to be no leady explanation as to why a cervical 
sympathectomy should lelieve spasm of this muscle, as it was 
lepoited to do by Rogeis ” 

Although the mam vagal blanches to the cucophaiyngeus 
have been identified,’" and a sympathetic as well as a paia- 
sympathetic component is geneially agieed to exist, theie is 
no definite mention m modem hteiatuie as to what type of 
activity (contiaction 01 lelaxation) is mediated by the vagus 
01 sympathetic blanches to the cucophaiyngeus *'"* 5 * Noi is 
it even certain that a specific type of activity is mediated 
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exclusively by one 01 the other autonomic division as shown 
by studies on the caidiac end of the esophagus Carlson, foi 
example, showed that the vagus caines both motoi and in¬ 
hibitory fibers to the caidia, and that the splanchnics (sym¬ 
pathetic) also cany both motoi and inhibitory fibeis to this 
aiea, the action depending on the state of conti action of the 
caidia at the time of stimulation 23 

The puipose of my piesent study, theiefoie, is to demon¬ 
strate, m each case, the effect of stimulation 01 intei luption 
of the ceivical sympathetic 01 paiasympathetic tiunks on the 
motor activity of the cncopharyngeus muscle 

Such experimental conditions simulate the autonomic im¬ 
balance said to exist m certain cases of spastic dysphagia 
The lesultmg mciease 01 deciease in tonus can then be 
demonstiated by means of a piessure-sensitive lecoidmg de¬ 
vice placed m the hypopharynx at the cncopharyngeus level 

Pharyngeal piessuies during deglutition have been studied 
and recoided by mvestigatois since the late Nineteenth Cen¬ 
tury In 1880 Falk and Kioneckei measuied the pharyngeal 
piessuie geneiated duimg deglutition m themselves and m 
dogs They obseived the “squirting” action on liquids and 
semi-solids exerted by the muscles of the mouth and the 
pharynx by the use of a “T” tube 24 Kioneckei and Meltzei 
in 1883 leported then obseivations of the swallowing mechan¬ 
ism m dogs, using small balloons to lecord mtiaesophageal 
motility 25 Meltzei consideied the squirting action to be the 
lesult of piessuie exerted by the myloh\oid muscles, because 
he was able to eliminate it by sectioning the mjlohyoid neives 
He leported that this opeiation made the first stage of swal¬ 
lowing impossible, so that the bolus had to be mtioduced by 
the opeiator into the dog's pharynx m ordei foi the animal to 
swallow 20 This same mvestigatoi, m 1907, added furthei 
evidence of the importance of the oial musculatuie in swal¬ 
lowing by cutting the middle and infenoi constiictois of the 
pharynx m the dog, m addition to lemovmg the musculans 
of the ceivical esophagus A dog, piepaied in tins fashion, 
was still able to swallow noimallv and could dunk fiom a bowl 
of milk placed below the level of the head, thus eliminating 
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the effect of giavity 2 ' Cannon and Mosei, m 1898, weie 
the fust to use fluoioscopy to study esophageal motility m 
animals These woikeis also noted the lapid squntmg action 
of fluids fiom the phaiynx to the level of the heait 26 

Although these expenments conti lbuted much to oui knowl¬ 
edge of the motoi activity of the pharyngeal and oial mus- 
culatuie, the giaphic lecoidmg of such motoi activity was 
inexact, and the piessuie leadings umeliable It was not 
until 1943, with the development of an electionic device by 
Wetteiei, 30 that a piactical means of lecordmg intraluminal 
piessuies was made available Wetteiei descubed the pim- 
ciple of using a differential tiansfoimei to constiuct a mmia- 
tuie manometei, a system having excellent lecoidmg piopei- 
ties with a minimum of amplification The device was latei 
modified by Gauei and Gienapp 31 - 32 in 1950 to fit into the end 
of a No 8 Cournand cathetei foi the lecoidmg of mtia- 
cardiac and mtiavasculai piessuies This instrument was 
used by Fyke and Code m 1955 foi recoidmg piessuie changes 
m the phaiyngoesophageal legion during deglutition in normal 
human subjects 33 Then woik showed a definite piessure 
giadient beginning m the pharynx and tiavehng down thiough 
the cucophaiyngeus area into the esophagus duung the act 
of swallowing The high piessuie m the cucophaiyngeus 
legion lemamed unchanged throughout most of the act of 
swallowing, and diopped only momentanly when the piessuie 
wave leached this aiea 

The activity of the individual musculatuie involved m 
swallowing was later studied by Doty and Bosma by means 
of electiomyogiaphy These woikers took electiomyogiaphic 
lecoids fiom 22 muscles likely to paiticipate in deglutition 
Then woik substantiated that of Fyke and Code, showing a 
downwaid piogiessmg conti action wave and an inhibition of 
the mfenoi constuctoi during the entne couise of lead muscle 
activity 34 


PRESENT STUDY 

Aftei conti ols had been established in the noimal dog, the 
action of the ci icopharyngeus muscle was studied under the 
following conditions 
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1 Unilateial vagus section above the ganglion nodosum 

2 Bilateral vagus section above the ganglion nodosum 

3 Faiadic stimulation of the vagus and cervical sym¬ 
pathetic trunks 

If. Faiadic stimulation of the cncopharyngeus muscle 

5 Surgical section of the cncopharyngeus muscle 

The methods used m studjnng the motoi activity of the 
cncopharyngeus weie the following 

1 Observation of the dog’s ability to swallow his usual food 

2 Endoscopic examination of the soft palate, pynform 
sinuses and cncopharyngeus splnnctei aiea with the dog 
undei light geneial anesthesia 

3 Fluoioscopic and loentgenogiaphic studies of the hypo- 
pharynx with barium mixtuies 

If Pressure changes m the hypopharynx at the cncophaiyn- 
geus level dunng deglutition, using an electronic piessuie- 
sensitive pick-up 

These methods aie standaid and seem self-explanatory ex¬ 
cept foi the last, which lequires further explanation 

In the beginning of this expenment v e were using a Gauer- 
type pressuie capsule attached to the pioximal end of a 2 mm 
polyeth 3 lene tube introduced through the mouth to the cnco¬ 
pharyngeus level, and lecordmg the motoi activity of the 
cncopharyngeus by means of a Hathaway oscillograph This 
gave satisfactory and sensitive responses, as shown by Fyke 
and Code, but seemed to have certain disadvantages First, 
if a fold of mucosa came to overlie the end opening (or side 
opening as was later tried) the pressuie determination was 
mterfeied with, therefore, the open end was enclosed m a 
small, partially inflated balloon This, howevei, was soon 
abandoned because of distortions produced m the balloon by 
the contracting cncopharyngeus muscle, with lesultant in¬ 
accuracies m the reproduction of mtialummal piessures 

My chief objection, howevei, to present techniques of re- 
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coidmg piessuies at the cncophaiyngeus level is that this 
area is pulled upwaid dui mg swallowing, so that a lecoidmg 
device mtioduced to the level of the cncophaiyngeus sphmctei 
at lest and kept at this level dui mg swallowing is lecoidmg 
piessuie not m the cncophaiyngeus segment but in the uppei 
ceivical esophagus While theie is some evidence that a 
small polyethylene tube will nde up and down with the cnco- 
pharyngeus 35 dunng deglutition, theie seemed enough doubt 



Fig - 1 Pressure-aensltlN e electronic pick-up used In lnpopharjn\ nt 
cricopharj ngeus le\el 


on this point to have wan anted the constiuetion of a piessuie- 
lecoidmg device which would lespond with equal sensitivity 
along a 3 01 4 cm distance If such a device weie of small 
diametei and of smooth suiface it could be mtioduced into 
the phaiyngo-esophageal junction behind the cncoid caitilage, 
allowing the cncoid and cncophaiyngeus to nde up and down 
ovei it, and lecoidmg the motoi activity of the cncophaiyn¬ 
geus whethei it was elevated oi at lest 

Foi the development of such a lecoidmg device I am in¬ 
debted to Di Albert Field, Jr , of the Caidiopulmonai y section 
of the Department of Internal Medicine A pi essui e-sensitive 
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Fig- 2 Dog No 1—Normal AP \ lew after barium swallow The 
trachea de\lates to right In supine position In this case but ma^ de\ late 
to left, as seen In other examinations 
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coidmg- piessuies at the ci icophaiyngeus level is that this 
aiea is pulled upwaid dm mg swallowing, so that a lecoiding 
device mtioduced to the level of the ci icophai yngeus sphmctei 
at lest and kept at this level duimg swallowing is lecoiding 
piessuie not m the ci icophai vngeus segment but in the uppei 
ceivical esophagus While tlieie is some evidence that a 
small polyethylene tube will ude up and down with the ci ico¬ 
phai yngeus 35 dui mg deglutition, theie seemed enough doubt 



Fig: 1 Pro3sure-seneItI\c doctronic pick-tip used In h\pophnr\n\ at 
cricopharA ng’eus le\el 


on this point to have wan anted the consti action of a piessuie- 
lecoidmg device which Mould lespond with equal sensitivity 
along a 3 01 4 cm distance If such a device M r eie of small 
diametei and of smooth suiface it could be mtioduced into 
the pliai vngo-esophageal junction behind the cncoid caitilagc, 
alloying the cncoid and ci icophai vngeus to nde up and dov r n 
ovei it, and lecoiding the motoi activity of the ci icophai vn¬ 
geus whethei it was elevated oi at lest 

Foi the development of such a lecoiding device I am in¬ 
debted to Di Albert Field, Ji , of the Caidiopulmonai v section 
of the Department of Intel nal Medicine A pi essui e-sensitive 
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Fip - Bop No 1—Normal YP % iex\ after bn Hum "twillon Ttu 
trachea de\iate<* to rlpht In supine position In this cast but max dexiatt 
to left as seen in other examinations 
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Flp 3 Bog No 1—formal lateral \ lew after barium swallow A \er> 
small amount of barium remains In the \alleculae 
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pick-up uas constiucted, consisting of a vanable capacitance 
vhich measuies piessuie changes by means of vanations m a 
tuned cncuit, based on a punciple descubed by Buchtal and 
Waibuig m 1943 3r It is equally sensitive to piessuie at any 
point along the distance of 3 5 cm , and allows a peimanent 
lecoid to be made bv a dnect wilting electiocaidiogiaphic 
msti urnent 

The equipment has been checked foi performance against a 
Sanborn piessuie capsule and found to be accuiate, sensitive 



Q f Vi so CAKoirTE 

Figr 4 High-pressure area encountered at crlcopharvngeus as cable is 
withdrT.'w n from thoracic esophagus 


and busk m lesponse Calibiations and othei details aie 
descubed m a sepaiate leport 

Because of vanations m the base bne undei diffeient opei- 
atmg conditions, calibiations foi exact piessures aie not 
lehable The calibiations aie included, neveitlieless, (nmi 
Hg ) to indicate dnection of deflections uith positive and 
negatne pressuie and to indicate appioximate piessuie 
langes Changes m piessuie are, of couise, readily demon¬ 
strated b\ the shape of the curves 

NORMAL DOG 

Deglutition Ate legulai diet without difficulty 

Endoscopic Examination The soft palate, pharynx, laiynx 
and tongue mo\e noimalh A definite annulai conti action 
n as seen behind the cncoid cartilage 
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FIpT 3 Doer >»o 1—Normal lateral \ieu after barium snalloiv 

small amount of bnrlum remains In the \alleculae 
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X-iay Fluoioscopy of a thin banum mixtuie showed lapid 
descent of the liquid fiom the mouth to the level of the heart 
with no tendency to collect m any of the phaiyngeal lecesses 
A noimal soft tissue pattern behind the cucoid cartilage was 
seen on the lateial views (see Figs 2, 3) 

Piesswe Studies Because of the fact that deep geneial 
anesthesia abolishes the swallowing leflex, light nembutal 



Fig- 5 Dissected specimen showing annular fold in h\pophar\ nx be¬ 
hind cricoid cartilage 


anesthesia was used Piessuie leadings weie made when the 
deglutition leflex could be stimulated by gently stiokmg the 
postenoi phaiyngeal Avail 

The piessuie capsule Avas fust mtioduced into the thoiacic 
poition of the esophagus and the lecordmg base line adjusted 
on the lecoidei The capsule Avas then sloAvly pulled up fiom 
the esophagus into the mouth, dunng Avhich an aiea of high 
piessuie AA'as encounteied m the ciicopharyngeal legion (see 
Fig 4) This Avas a constant finding, Avhethei the dog Avas 
m a pi one 01 supine position This high piessuie aiea Avas 
found to be 19 5 cm fiom the uppei meisoi teeth and cone- 
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Fig- 9 A--B -C—Pressure recordings from cricopharj ngeus level during 
act of swallowing D —Calibration (mm Hg- ) 


nodosum, wheie it joins the supenoi cervical sympathetic 
ganglion The pharyngeal ramus of the vagus, which supplies 
parasympathetic innervation to the constnctor muscles leaves 
the vagus trunk cephalic to the ganglion nodosum at its point 
of emergence fiom the jugular foramen IVhethei the sym¬ 
pathetic tiunk gives off separate rami to the pharyngeal 
plexus or to the pharyngeal musculature along its cervical 
course, as it does m man, I could not determine from the 
available literature (see Fig 10 for details) 









































































1130 


KIRCHNER CRICOPHARYNGEUS MUSCLE 


sponded almost exactly to the aiea of annulai constuction 
seen on endoscopic examination (see Fig 5) The mid-pomt 
of the lecoidmg capsule was mtioduced to this level foi de¬ 
glutition patterns and othei studies m this dog (see Fig 6) 

The swallowing patterns shown heie lllustiate the chaiac- 
tenstic cuive obtained in all oui expenmental animals At 
the beginning of cucophaiyngeal activity a small use in 



Fig- 8 Dissected specimen shon lug crlcopharj ngeus portion (nrrou) 
of inferior constrictor separated from th> roplmrx np;eus Pressure deter¬ 
minations v, ere made at cricophnrj ngreus le\ cl 


piessuie can be seen, piobably conespondmg to the advancing 
penstaltic wave Almost immediately the cucophaiyngeus 
undeigoes a maiked lelaxation, followed again by a conti ac¬ 
tion, which may use to oi above the oiigmal base line level 
(see Fig 9) 


SECTION OF ONE VAGUS NERVE 

In the dog the vagus neive cames with it the sympathetic 
tiunk tluoughout most of its ceivical couise The sympathetic 
joins the vagus opposite the mfenoi ceivical sympathetic 
ganglion and leaves it again just caudal to the ganglion 
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X-iay The banum mixtvue cleaied the pharvnx easily 
Theie was no lesidual banum in anv of the phaivngeal le- 
cesses noi weie theie any changes in the soft tissue patterns 
(see Figs 12, 13) 

Piessiue Stud es Shallowing patterns show much less le- 
laxation of the ci lcopharvngeus during sw allowing, w ith a 
highei positive piessuie (see Figs 14, 15) 



Fig: 11 \ agrus ner\e (arrow) approaching: base of skull 


DISCUSSION 

It is intei estmg that tins dog had no dysphagia, although 
there was a cuitam movement of the phaiynx, deviation of 
the soft palate, and paialvsis of the light vocal cold Tins 
may be due to the fact that the fiee portion of the epiglottis 
of the dog lies abo\ e the soft palate, alloy mg the ingested food 
and liquids to pass down lateial to the laivnx and affoidmg 
added piotection to the laryngeal inlet duimg the act of 
swallowing The decieased iela\ation of the cncophaivngeus 
duimg deglutition following umlateial vagus section may be 
due to an ovei-activity of the lemaimng sympathetic nerve 
supply I do not behe\e it is due to a low r ei starting piessuie, 




